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ABSTRACT 


An  automated  x-rav  diffractometer  has  been  designed  anu  built 
to  obtain  pole  figure  data  on  polymeric  samples.  The  pole  figure  goni- 
ometer  is  automatically  driven,  in  a  prefixed,  constant-increment  propram, 
bv  two  nulse  motors,  allowing  the  operator  to  determine  the  complete  distri¬ 
bution  pattern  for  a  given  h  k  1  plane  automatically.  The  results  are 
punched  out  on  IBM  cards;  two  proprams  have  been  written  to  process  this 
data  on  the  IBM  1620  computer.  The  first  program  computes  the  x-ray  in¬ 
tensity  at  each  sample  orientation,  corrected  for  absorption,  polarization, 
background, and  incoherent  scattering.  The  second  program  uses  this  in¬ 
tensity  data  to  obtain  locations  of  constant-intensity  contour  lines. 
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Purinp  recent  years  the  Polymer  Pesearch  Institute  has  made  Greater 
and  rreater  use  o'  x-ray  diffraction  as  a  technique  for  studyinp  -polymer 
structure.  Ouite  naturally,  this  led  to  the  construction  of  an  automated 
x-ray  diffractometer  and  to  the  use  of  a  connuter  to  -process  the  rav  data.2’3*1*’ 
Experiments  with  this  apparatus  yielded  valuable  data  on  polymer  crystallization 
and  orientation. 

When  it  was  decided  to  extend  this  work  to  include  measurement  of 
biaxial  orientation  by  x-ray  diffraction,  a  second  automated  diffractometer 
was  desipned^ and  built  specifically  for  these  experiments.  The  purpose  of  this 
report  is  to  describe  the  result inp  apparatus,  includinr  both  the  diffractometer 
and  its  associated  control  unit. 


^Purported  in  part  by  a  prant  from  the  Packarinr  Division  of  the  Monsanto 
Pomr any  and  in  part  by  Contracts  with  the  Atomic  Enerpy  Commission  and  the 
Office  of  Naval  Pesearch. 
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IT.  X-Fnv  Piffractometer 
A.  Oeneral  Layout 

The  reneral  layout  of  the  biaxial  scan  diffractometer  is  shorn  in  rirure  1. 

The  entire  apparatus  is  bolted  to  a  I  inch  thick  aluminum  nlate,  which  rests  on 

2 

tor  of  the  x-ray  hirh  voltnre  renerator.  The  x-ray  tube  is  mounted  in  a  standard 

1,'orth  American  Phillips  tube  tower;  however,  the  tube  tower  is  in  a  horizontal 

position  instead  of  its  normal  vertical  nosition.  To  support  the  tube  tower,  a 

tube  stand,  shown  in  Fipure  2,  was  fabricated.  The  tube  tower  bolts  to  the  up- 

rirht  member  of  the  stand,  and  the  hirh  voltare  cable  connection  is  supported  by 

two  —  inch  thick  aluminum  "winrs",  which  extend  back  from  the  uprirht.  The  base 
It 

member  is  rrooved  on  the  bottom  to  slide  alonm  a  track,  consistinr  o'1  a  length  o'1 

~  inch  aluminum  seuare  stock.  The  base  is  fastened  to  the  foundation  Plate  by 

8 

■''our  larre  Allen  head  machine  screws  which  travel  in  two  slots  provided  for  easy 
movement  of  the  entire  tube  stand  alonm  the  track. 

Teferrinr  back  to  Firure  1,  the  diffractometer  itself  consists  of  n  15  inch 
diameter  dridreaort  rotary  table,  to  which  a  snrple  holder  post,  a  Oei^er  Fueller 
tube,  a  receivin'*  slit  system,  and  radiation  shieldin'*  have  been  added.  The 
rota.ry  table  provides  manual  adjustment  of  the  radial  anrle  2n  with  a  hirh  derree 
o'’  reproducibility.  Various  sarnie  holders  may  be  placed  in  the  sc.mrle  holder 

post  at  the  center  of  the  table.  This  is  a  1  inch  brass  rest,  bored  with  a  5. 

8 

inch  hole  and  provided  with  a  clamoinr  collar.  There  is  no  provision  for  a  ° 
motion  o'f’  the  sample  holder. 

The  primary  x-ray  beam  is  stopped  by  a  lend  shieldinr  sheet,  mounted  on 
copper  for  ripidity.  The  shieldinr  extends  slirhtlv  over  l80°.  At  the  center 
or  the  shieldinr  arc,  a  jeweler's  lathe  is  mounted,  which  supports  the  Oeirer 
tube  and  receivinr  slit  assembly,  ^us  the  radial  anrle  may  be  scanned  urn  to 
2n=  90°  on  either  side  of  zero. 
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B.  Slit  System 

The  diffractometer  uses  the  Soller  slit  optical  arrangement  of  slits. 

This  arrangement  is  discussed  extensively  in  the  book  of  Klur  and  Alexander. 1 
The  design  used  here  is  shown  in  figure  3,  as  seen  from  above.  The  anode  of 
the  x-ray  tube  is  viewed  as  a  vertical  line  by  a  Soller  slit,  a  divergence 
slit,  and  a  scatter  slit.  The  Soller  slit,  consisting  of  a  series  of  closely 
spaced  molybdenum  sheets,  absorbs  x-ray  photons  that  are  divergingtoo  greatly 
out  of  the  horizontal  plane.  In  effect,  it  slices  the  beam  from  the  vertical 
line  source  into  a  series  of  nearly  parallel  beams.  The  beams  recombine  to 
give  a  vertical  line  of  x-rays  with  a  small  vertical  divergence  (about  2.2r). 

The  width  of  the  beam  is  determined  by  the  opening  of  the  divergence 
slit.  Various  slits  can  be  used;  the  present  slit  gives  a  beam  of  0.2°  hori¬ 
zontal  divergence.*  A  scatter  slit  is  placed  in  front  of  the  divergence  slit 
to  pass  the  primary  x-ray  beam  while  absorbing  most  of  the  photons  scattered 
by  edges  of  the  Soller  slit  and  the  divergence  slit. 

The  primary  beam  strikes  the  sample  at  the  center  of  the  rotary  table  and 
a  fraction  of  the  beam  is  diffracted  to  various  values  of  the  radial  ancle,  2". 
The  intensity  at  a  given  angle  is  measured  by  a  Oeiger-Kueller  tube  after  pass¬ 
ing  through  a  receiving  slit  system  to  reject  unwanted  photons.  The  receiving 
slit,  mounted  in  front  of  the  Geiger  tube,  is  adjusted  to  a  small  opening 
(0.007")  to  permit  good  resolution."  The  slit  is  adjustable;  both  sides  move 
in  unison  so  that  the  slit  width  may  be  varied  without  changing  the  location 
of  the  center  of  the  slit.  In  front  of  the  receiving  slit,  a  nickel  foil  is 
placed  to  reject  CuKB  photons  while  passing  CuKa  photons.  Next,  a  Soller  slit 
limits  the  vertical  divergence  of  the  incoming  photons.  Finally,  a  scatter  slit, 
with  an  opening  of  0.0U2",  rejects  photons  coming  from  sources  other  than  the 
sample.  The  distance  between  the  receiving  slit  and  the  receiving  scatter  slit 
may  be  varied  to  change  the  area  being  viewed.  This  is  adjusted  so  that  the 

entire  irradiated  volume  of  the  sample  is  viewed. _ 

*The  horizontal  divergence  has  subsequently  been  reduced  to  0.1°,  in’  the  r-eceiv- 
ing,  slit  opened  up  to  0.011*. 


C .  Pole  Figure  Goniometer 

The  pole  firure  goniometer  is  shown  in  Figure  h.  A  inch  hollow  support 
shaft  extends  down  from  the  under  surface,  and  fits  into  the  sample  holder  post 
of  the  diffractometer.  A  second  shaft  rides  inside  the  hollow  shaft,  allowing 
motion  of  the  sample  about  the  vertical  axis,  the  u  motion.*  This  shaft  is 
driven  by  a  pulse  motor  through  an  18:1  reduction  gear  train.  A  microswitch  is 
mounted  on  the  top  plate  to  stop  the  program  at  its  desired  termination  point. 
The  microswitch  is  operated  by  a  striker  bar  mounted  on  the  sample  holder. 

The  sample  is  mounted  on  a  holder  which  allows  rotation  about  the  normal 
of  the  film  sample,  the  x  notion.*  The  sample  mounts  on  the  back  face  of  the 
holder  under  a  thin  aluminum  plate,  with  the  axis  of  the  w  rotation  passing 
down  the  plane  of  the  sample.  The  holder  is  driven  by  a  pulse  motor  mounted 
on  the  ‘'ront  side.  This  pulse  motor  is  geared  down  by  a  ratio  of  approximately 
12:1.  The  ratio  is  off  by  0.1 since  one  of  the  gears  is  cut  wit},  a  large 
prime  number  of  teeth.  This  is  not  a  serious  source  of  error  and  is  taken 
into  account  by  the  computer  program. 

The  pulse  motors,  manufactured  by  the  Cigna  Instruments  Company  of  Couth 
Praintree,  Massachusetts,  will  advance  1/20  of  a  revolution  with  every  nulse, 
provided  the'  pulses  alternate  in  polarity.  They  are  discussed  further  in 
Section  II,  part  51,  Advance  Control  Unit. 

III.  Control  Unit  for  Hew  X-Pay  Fif fractometer 

A .  Introduction 

The  control  unit  of  the  diffractometer  consists  of  eight  different  units, 
each  intended  for  a  separate  function  and  mounted  on  a  separate  chassis.  These 
units  are: 

1.  Offner  power  supply,  type  333 

2.  banner  Timer,  model  IJ— 00 3 


"In  a  previous  report  the  angles  w  and  x  were  called  4>  and  i p  respectively.  I 
have  changed  their  names  to  agree  with  the  accepted  terminology. 
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3.  Berkeley  scaler,  model  2000 

I4 .  Baird-Atomic  preamplifier,  model  2310U 

5.  Pelay  power  supply 

6.  Punch  control  unit 

7.  Advance  control  unit 

8.  Astable  multivibrator 

Units  1,  2,  3  and  ^  are  commercial  units.  Their  circuits  will  not  be  described 
here,  except  where  slight  modifications  have  been  made.  Units  5,  6,  7  and  8 
were  designed  and  built  at  the  Polymer  Pesearch  Insti.ute,  and  their  circuits 
will  be  fully  described. 

B.  Offner  Power  fupply 

The  Offner  power  supply  provides  current  at  four  different  potentials: 

* 

+  500  volts, D.C.;  +250  volts,  D.C.;  6.3  volts, A. C. ;  and  +6.3  volts, P.C.  The 
first  three  voltages  are  used  in  the  punch  control  unit  and  the  advance  control 
unit;  the  6.3  volts  D.C.  is  not  used. 

C.  Hamner  Timer 

The  Hamner  Timer  consists  of  a  six-decade  scaler , driven  by  a  100  cycle 
signal,  which  is  obtained  from  a  100  kilocycle  crystal  oscillator  by  frequency 
dividing  circuits.  The  timer  is  capable  of  measuring  up  to  9999.99  seconds, 
accurate  to  the  nearest  hundredth  of  a  second.  It  was  modified  in  the  factory/ 
for  binary-coded-decimal  output.  Also  available,  but  not  used,  are  six  "stair¬ 
case"  voltage  signals  which  can  be  read  to  give  the  time  in  decimal  form. 

Each  decade  consists  of  four  binary  flip-flop  circuits,  each  flip-flop 
being  a  5963  duotriode  vacuum  tube  (see  Figure  5).  Each  flip-flop  or  "bistatle 
multivibrator",  can  exist  in  either  of  two  stable  states,  in  which  one  triode  is 
conducting  and  the  other  one  is  cut  off.  (For  convenience,  these  states  ire 
referred  to  as  "on"  and  "off".)  The  four  flip-flop  are  wired  together  in  such 
a  way  that  a  count  of  ten  is  obtained,  usinr  a  U— 2— 2— 1  code  to  store  a  number. 
One  flip-flop  has  the  value  "U"  when  on,  the  next  has  the  value  "2"  when  on, 
etc.  Thus  the  digit  "6"  is  stored  as  U  +  2,  the  first  two  flip-flops  being  "or." 
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and  the  last  two  "off".  For  a  riven  flip-flop,  an  output  sirnal  is  obtained 
which  reads  +55  volts  for  "off"  and  +135  volts  for  "on".  Twenty-four  such 
signals  are  required  to  obtain  the  number  stored  in  the  timer. 

The  timer  resets  to  zero  whenever  the  reset  line,  whicn  is  normally 
grounded,  is  opened.  The  timer  is  started  and  stopped  by  sending  externa]  pulses 
into  the  appropriate  pins  on  the  control  .lacks.  Such  pulses  should  have  an  ampli¬ 
tude  of  +20  volts  and  a  rise  time  op  2  microseconds.  The  timer  can  be  held  in 
the  stopped  state  by  rroundinr  the  "hold"  line.  (The  "hold"  circuit  has  been 
slightly  modified  from  the  factory  design,  which  was  unreliable.) 

The  timer  also  contains  a  -105  volt  bias  supply,  which  is  tapped  for 
use  in  the  punch  control  unit,  the  advance  control  unit,  and  the  astable  multi¬ 
vibrator. 

D.  Berkeley  Scaler  and  Baird-Atomic  Preamplifier 

These  two  units  are  used  to  detect  and  count  the  pulses  produced  by  the 
Geiger-Mueller  tube.  Both  units  have  standard  circuitry  which  need  not  be  des¬ 
cribed  here,  except  where  modifications  have  been  made. 

The  scaler  contains  its  own  power  supply  and  also  provides  power  for 
the  preamplifier  and  high  voltage  for  the  Geiger-Mueller  tube.  The  scaler  has 
three  electronic  decades,  similar  to  those  in  the  timer,  and  an  "electronic 
relay"  module.  This  electronic  relay  gives  a  brief  110  volt  A.C.  sirnal  upon 
receipt  of  an  input  pulse.  This  input  pulse  comes  from  the  output  of  either  the 
second  or  third  decade,  depending  upon  the  setting  of  a  manual  selector,  and  thus 
occurs  either  at  a  count  of  100  or  1000,  The  scaler  is  also  provided  with,  a 
reset  button,  a  start-stop  switch,  and  a  mechanical  register  which  is  driven  by 
the  electronic  relay. 

Figure  6  shows  how  the  scaler  was  modified  to  provide  remote  control. 
First,  the  reset  line  was  brought  to  a  ^our-pin  receptable,  leaving  the  reset 
button,  which  is  normally  closed,  in  series.  The  start  count  switch  is  to  be 
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left  on;  counting  will  start  when  the  reset  line  is  grounded.  Next,  a  one-pin 
receptable  was  added  to  the  electronic  relay  nodule  to  provide  an  output  pulse 
whenever  the  electronic  relay  receives  an  input  pulse.  This  pulse  is  shaped  and 
attenuated,  and  then  used  as  the  "stop"  pulse  for  the  timer. 

A  small  D.C.  relay  has  been  added  to  the  scaler,  and  is  driven  by  the  110 
volts  A.C.  signal  from  the  electronic  relay,  after  appropriate  attenuation  and 
rectification.  A  normally-open  pair  of  contacts  from  this  relay  is  brought  to 
the  four-pin  receptacles.  The  closing  of  these  contacts  is  used  in  the  relay 
logic  of  the  punch  control  unit  to  signal  the  end  of  a  count. 

E.  Relay  Power  Supply 

The  circuit  diagrams  of  the  relay  power  supply  is  shown  in  Figure  7 .  The 
unit  is  designed  to  put  out  five  amperes  at  voltages  as  high  as  60  volts;  for 
its  present  application  the  voltage  is  made  continuously  variables  through  use 
of  an  autotransformer.  The  main  transformer  can  be  tapped  for  lower  voltages, 
if  desired.  The  output  receptable  is  not  grounded  on  either  terminal,  so  this 
unit  could  be  used  as  a  power  supply  for  cither  positive  or  negative  potentials, 
In  the  present  apparatus  the  negative  side  is  grounded  in  the  punch  control  unit. 

F.  Punch  Control  Unit 

1;-  Component  parts 

The  punch  control  unit,  consisting  of  fifteen  relays,  a  stepping  relay, 
and  a  vacuum  tube,  controls  the  punching  of  data  cards  and  in  addition,  star's, 
stops,  and  resets  the  timer  and  scaler.  To  accomplish  these  tasks,  it  uses  ''our 
different  sources  of  power;  +250  volts,  D.C.;  +30  volts,  D.C.;  -  105  volts,  F.C. 
(bias)  and  6.3  volts  A.C.  (filaments). 

The  fifteen  relays,  all  of  which  can  be  operated  by  30  volts  F.C, ,  fall 
into  two  categories  according  to  their  resistance.  Low  resistance  relays  (200- 
1000  ohms)  are  used  only  with  the  30  volt  power  supply,  since  they  draw  too 
much  current  for  use  on  the  250  volt  supply.  High-resistance  relays  (5000-7000 
ohms)  are  usually  used  with  the  250  volt  supply,  with  an  appropriate  resistor 
in  series  to  drop  the  voltage.  The  250  volt  supply  is  called  on  only  when  a 
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special  type  of  action,  such  as  closing  after  a  time  delay,  is  required. 

The  stepping  relay,  made  by  General  Electric  ro. ,  Ltd.  of  England,  has  eight 
banks  of  contacts  and  twenty-five  contacts  per  bank.  The  wipers  are  single-ended 
and  adjacent  wipers  are  180°  out  of  phase,  hence  at  any  time,  only  every  other 
wiper  will  be  wiping  a  contact.  As  will  be  explained  later,  this  feature  allows 
one  to  use  the  relay  as  either  a  twenty-five-step  stepper  or  as  a  fifty-step 
stepper.  At  present  the  stepper  is  wired  for  twentv-five-step  operation;  it 
could  easily  be  changed  for  a  fifty-step  operation.  The  coil  of  the  stepping 
relay  requires  one  ampere  of  current  at  22  volts ;  hence  it  is  wired  in  series 
with  a  resistor  to  operate  from  the  30  volt  supply. 

2.  Operational  logic 

The  circuits  for  the  Punch  Control  Unit  are  shown  in  Figure  8.  In 
designing  the  relay  circuitry  I  have  chosen  to  give  every  relay  and  every  signal 
a  name.  The  relays  are  named  according  to  the  function  they  perform;  for  instance, 
the  "Start  Count  Relay"  (RE2)  starts  the  count  cycle.  Signals  are  named  for  the 
function  they  perform  or  the  information  they  carry,  and  also  bear  the  appropriate 
voltage  designation.  Thus  the  "250V  End  of  Advance  Sc  Punch"  signal  aprears  when 
both  advancinr  and  punching  are  completed.  A  signal  chanres  its  name  when  it  passes 
through  a  pair  of  relay  contacts.  Two  signals,  "30V"  and  "250V"  are  named  only  for 
the  voltage  level.  These  signals  have  not  passed  through  any  relay  contacts,  and 
subsequently  will  always  be  present  whenever  the  "Main  Power"  toggle  switch  (SWl) 
is  on. 

The  program  starts  when  SWl  is  turned  on.  Two  signals,  "30V"  and  "250V" 
appear,  and  passing  through  the  normally  closed  contacts  of  PEI,  become  the  "30V 
Count"  and  "250V  Count"  signals.  After  a  time  delay  of  two  seconds  the  "Start 
Count"  relay  (PE2)  operates,  generating  a  start  pulse  for  the  timer  and  grounding 
the  reset  lines  of  the  scaler  and  timer.  The  scaler  starts  counting  and  the  punch 
control  unit  waits  for  the  end  of  the  count  (either  100  counts  or  1000  counts). 
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At  the  end  of  the  count,  the  scaler's  electronic  relay  operates,  instantly  stor¬ 
ming  the  timer  and  after  a  small  time  delay,  closing  the  NO  contacts  of  PE17 , 
mounted  within  the  scaler.  The  "30V"  signal  passes  through  these  contacts  and 
becomes  the  "30V  End  of  Count"  signal,  which  operates  PEI,  the  "Count-Advance 
Power  Pelay". 

Operation  of  PEI  removes  power  from  the  two  "Count"  buses  and  puts 
power  on  the  two  "Advance"  buses.  The  "30V  Advance"  signal  immediately  closes 
PE3,  stopping  the  scaler  by  opening  its  reset  line,  and  grounding  the  timer  reset 
line  to  prevent  the  timer  from  resetting  when  PE2  drops  out.  The  sane  signal 
closes  RE25,  grounding  the  timer  "hold"  line  to  prevent  the  timer  from  acciden¬ 
tally  starting.  Also,  the  "30V  Advance"  signal  holds  the  "Count-Advance  Power 
Relay"  closed  through  the  NC  contacts  of  PEL.  This  is  necessary  since  the  "30V 
End  of  Count"  signal  is  a  momentary  signal. 

Assuming  that  SW2  is  closed,  the  "30V  Advance"  signal  will  close  the 
"Card  Pelease"  relay  and  after  a  two-second  time  delay,  the  "Punch  ftart  relay". 

To  understand  the  punching  cycle  it  is  necessary  to  describe  the  alterations 
made  within  the  keyboard  of  the  IBM  026  card  punch,  shown  in  Figure  9.  The  most 
important  line  in  the  keyboard  I  have  called  the  "Keyboard  Common"  line.  This 
line  is  common  to  all  the  functions  of  the  keyboard;  when  it  is  shorted  to  the 
"PELEASE"  line,  a  card  is  released,  when  shorted  to  the  "ONE"  line  a  "ONE"  is 
punched,  etc.  It  is  necessary  to  break  the  short  or  the  function  will  be  repeated 
over  and  over.  This  is  accomplished  in  the  keyboard  by  a  coil  that  I  call  the 
"Restorer";  the  action  of  the  "Restorer"  must  be  simulated  in  the  punch  control 
unit  for  successful  operation. 

A  ten-conductor  cable  connects  the  card  punch  with  the  punch  control 
unit.  A  relay,  PEl6,  is  mounted  within  the  keyboard  and  operates  whenever  SW1 
and  SV/2  are  closed.  Operation  of  PEl6  performs  two  functions.  It  disconnects 
"Keyboard  Connon"  from  the  keyboard  and  gives  it  to  the  punch  control  unit ,  thus 
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making  all  the  punching  keys  inoperative.  Also,  it  shorts  out  the  "Auto  Feed" 
switch,  thus  assuring  that  a  card  will  be  fed  when  one  is  released. 

Let  us  return  to  the  discussion  of  the  punching  program.  When  PL13 
operates,  three  functions  occur.  First,  the  "Restorer  Slave"  relay  (RE5)  is 
connected  with  its  voltage-dropping  resistor  in  parallel  with  the  "Restorer" 
coil.  Second,  the  "Release"  line  is  shorted  to  the  "Keyboard  Common"  line, 
causing  a  card  to  be  released  and  another  one  fed.  Third,  voltage  is  applied 
to  PE15  which  will  cause  it  to  close  after  a  two-second  delay. 

When  a  card  is  released,  the  card  nunch  energizes  the  "Pestorer"  coil, 
operating  RE5 ,  which  in  turn  operates  FE7  and  PE8.  PE7,  the  "Release  Disconnect 
Relay"  disconnects  the  release  line  and  is  held  by  power  coning  through  its  own 
WO  contacts  for  the  duration  of  the  advance  cycle.  Diodes  are  provided  to  pre¬ 
vent  this  power  from  holding  PE8. 

After  the  two-second  delay,  the  next  card  is  ready  for  punchinr  and 
the  "Punch  Start  Relay",  RE15,  closes,  generating  two  "Punch  Start"  signals.  At 
this  point,  the  "Stepper  Stopper  Relay",  RE11,  is  held  by  power  through  one  of 
the  stepper  wipers,  the  stepper  being  in  its  hone  position.  The  "30V  .  tart 
Punch"  signal  passes  through  the  HC  contacts  of  PE9  and  operates  PE10 ,  the 
"Stepper  Starter".  This  gives  250  volts  of  power  to  RE12,  the  "Relaxation 
Oscillator  Relay",  After  a  time  delay,  RE12  operates,  closing  its  slave,  RI27, 
which  then  energizes  the  stepper  coil.  When  the  stepper  energizes,  its  inter¬ 
rupter  contacts  are  opened,  removing  power  from  RE12,  which  drops  out  after  a 
time  delay.  The  stepper  then  de-energizes,  giving  power  to  RE12  once  more. 

Thus,  as  long  as  250  volts  is  present  at  theinterrupter ,  the  cycle  repeats 
itself,  driving  the  stepping,  relay  at  six  cycles  per  second.  This  is  well 
within  the  operating  limits  of  both  the  stepping,  relay  and  the  card  punch. 
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Everytine  this  relay  operates,  it  sends  a  pulse  to  the  stepper  coil  and 
connects  the  "Keyboard  Common"  line  with  either  the  "0"  or  the  "l"  line,  and  the 
corresponding  dipit  is  punched.  Then  the  "Pestorer  Clave"  receives  a  pulse,  and 
closes  RE8,  disconnecting  the  "Keyboard  Common"  line  to  prevent  further  punching. 

PF8  is  held  by  power  cominp  through  its  own  NO  contacts  until  the  "Pelaxation  Os¬ 
cillator"  drops  out. 

The  first  dipit  to  be  punched  is  selected  by  the  "Motor  Selector  Slave 
Felay",  FE6 ,  which  is  controlled  from  the  advance  unit,  At  this  point  it  will  suf¬ 
fice  to  say  that  this  digit  tells  the  computer  which  angle , x  or  w,  is  going  to  be 
.dvanced.  The  remaining  twenty- four  digits  are  selected  by  the  "Digit  Selector 
elay",  RElU,  and  represent  the  timer  reading  in  a  binary  decimal  code.  The  opera¬ 
tion  of  RElU  will  be  described  in  detail  later. 

As  the  stepping  relay  moves  from  contact  to  contact,  it  passes  over  one 
contact  to  which  is  wired  FE9,  the  "Stepper  Verify  Pelay",  Immediately,  the 
"Stepper  Starter"  drops  out,  but  the  "Stepper  Stopper"  dropped  out  earlier  and 
provides  voltage  for  the  "Pelaxation  Oscillator"  through  its  NC  contacts.  After 
twenty-five  digits  are  punched  the  stepper  is  again  at  its  home  position  and  the 
"Stepper  Stopper"  operates,  cutting  off  power  from  the  "Pelaxation  Oscillator". 

At  this  point  the  two  "Punch  Start"  signals,  passing  through  the  NO  contacts  of 
PE9  and  PE11,  become  "30V  Punch  Complete"  and  "250V  Punch  Conplete".  These  signals 
are  carried  to  receptacles  for  use  in  the  advance  control  unit. 

At  the  end  of  the  advance  program,  the  "250V  Punch  Complete"  signal  passes 
through  a  pair  of  contacts  in  the  advance  control  unit  and  is  returned  to  the  punch 
control  unit  as  the  "250V  End  o'1  Advance"  signal.  This  operates  PE**,  the  "Advance 
Holding  Pelay"  causing  the  "Count-Advance  Power  Pelay"  to  drop  out.  This  ends  the 
advance  cycle  and  starts  the  count  cycle  again. 

3.  Reading  of  Digits 

In  order  to  punch  out  the  reading  of  the  timer  it  was  necessary  to  convert 
a  voltage  level  available  from  the  timer  to  a  relay  closure.  Gince  the  current  drain 
from  the  timer  must  be  kept  small  to  avoid  upsetting  the  binaries,  a  vacuum  tube 
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( 12AU7 )  was  used  to  perform  this  function. 

The  wiring  diagram  is  shown  in  Fipure  10.  The  input  to  the  dirit 
selector  is  through  two  adjacent  wipers  of  the  stepping  relay;  since  they  are 
single-ended,  only  one  will  be  wiping  a  contact  at  a  Riven  position.  The  twenty- 
four  signal  lines  from  the  timer  are  wired  to  the  contact  banks.  Corresponding 
contacts  on  the  two  banks  are  cross-wired.  IIo  signal  is  read  at  the  "Home" 
position,  but  a  wire  is  connected  at  this  position  to  the  two  contact  banks  for 
test  purposes. 

The  input  comes  to  the  grid  of  VI,  which  acts  as  a  cathode  follower, 
reproducing  the  input  voltage  at  the  cathode  at  a  much  higher  current  level.  This 
voltage  is  bucked  against  the  bias  voltage  producing  a  voltage  level  at  the  grid 
of  V2.  The  second  triode  is  either  saturated  or  cut  off,  depending  upon  the  level 
of  the  input  voltape.  Since  the  plate  resistance  includes  the  coil  of  RE14 ,  this 
relay  closes  when  V2  is  saturated  and  opens  when  V2  is  cut  off. 

The  order  of  the  signals  on  the  sterner  contacts  is  such  that  the  six 
"V  binaries  ere  read  first,  then  six  "2"'s,  six  more  "2"'s,  and  six  "l"'s.  There¬ 
fore,  the  twenty- four  digits  can  be  separated  into  four  six-digit  numbers.  The 
time  may  be  obtained  in  decimal  form  by  multiplying  the  first  number  by  four,  the 
next  two  by  two,  and  then  summing. 

1*.  Provision  for  expansion 

The  punching  circuits  were  designed  with  the  possibility  kept  in  mind 
that,  at  some  time  in  the  future,  it  might  be  desirable  to  punch  out  more  than  the 
timer  reading.  With  minor  alterations,  it  would  be  very  easy  to  program  the  punch¬ 
ing  of  fifty  digits  instead  of  twenty-five. 

These  alterations  are  shown  in  Figure  11.  First  of  all,  the  wire  to  the 
"Home"  position  on  bank  7  should  be  cut.  Then  this  position  would  no  lonrer  be  a 
"Home"  position,  and  the  stepper  would  make  fifty  steps  before  stopping.  Next, 
the  Jumper  between  wipers  1  and  2  should  be  cut.  Then  twenty-five  additional 
inputs  could  be  wired  to  bank  3. 
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G.  Astable  Multivibrator 

The  purpose  of  the  free-running  multivibrator  is  to  generate  the 
pulses  required  to  drive  the  stepping  motors  which  move  the  pole  figure  gonio¬ 
meter.  The  circuit  diagram  is  given  in  Figure  12.  The  circuit  consists  of  a 
12AU7  duotriode  wired  as  an  astable  (free-running)  multivibrator. 

The  12AU7  exists  in  two  states,  in  each  of  which  one  triode  is  conducting 
and  the  other  cut  off.  To  this  extent  it  is  similar  to  the  binarv  flip-flops 
(bistable  multivibrators)  used  in  the  timer  and  elsewhere.  The  difference  is  this: 
in  the  astable  multivibrator  neither  state  is  stable,  and  after  a  fixed  interval 
the  device  will  spontaneously  flip  to  the  other  state.  Thus,  the  unit,  once 
started,  will  flip  back  and  forth  from  state  to  state  until  stopped.  The  device  is 
stopped  by  closing  the  remote  on-off  contacts,  connecting  bias  voltage  through  a  pad 
to  the  grid  of  V4,  When  these  contacts  are  shorted,  V4  will  be  cut  off  and  the  grid 
of  V3  will  decay  to  ground  potential,  driving  V3  to  saturation.  This  state  is 
stable.  When  the  remote  control  line  is  broken,  the  grid  of  V4  decays  to  ground  and 
V4  saturates.  The  plate  of  V4  is  capacitor  coupled  to  the  grid  of  V3,  so  this  grid 
is  driven  negative  and  V3  cuts  off.  (This  incidentally  sends  a  positive  pulse  to  the 
grid  of  V4 ,  which  has  no  effect  since  V4  is  already  saturated).  The  coupling  ca¬ 
pacitor  discharges  through  the  grid  resistor  of  V3,  and  the  grid  voltage  of  V3  decays 
to  ground  potential.  This  causes  V3  to  saturate  again  and  drives  V4  to  cut-off. 

The  multivibrator  keeps  flipping  in  this  manner  as  long  as  the  control  circuit  is 
onen.  Because  of  the  symmetry  of  the  multivibrator  circuit  the  device  spends  an 
equal  amount  of  time  in  either  state.  The  frequency  is  dependent  upon  the  values 
of  the  coupling  capacitors  and  the  grid  resistor;  the  present  device  operates  at 
about  six  cycles  per  second.  An  output  is  provided  from  one  of  the  plates  so  that 
the  cycles  may  be  counted. 

A  high-resistance  pad  in  parallel  with  the  plate  resistor  of  V4  gives  a 
voltage  signal  to  a  5696  thyratron  tube,  which,  controls  the  operation  of  a  relay. 

The  cathode  of  the  thyratron  is  held  at  B+  level,  so  that  when  V4  saturates,  the 
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voltage  signal  sends  the  control  grid  of  the  5696  negative  with  respect  to  the 
cathode  (B+)  and  the  5000  ohm  plate  resistor.  A  diode  provides  half-wave  rectified 
D.C.  for  the  relay,  and  a  capacitor  is  wired  parallel  to  the  relay  to  give  continu¬ 
ous  power. 

When  the  multivibrator  gives  a  voltage  signal,  the  control  grid  cuts  off 
the  thyratron  and  the  relay  energizes.  When  there  is  no  signal,  the  thvratron  con¬ 
ducts  and  effectively  shorts  out  the  relay,  so  it  de-energizes.  The  contacts  of 
the  relay  are  brought  to  a  twelve-pin  receptacle  for  use  in  the  advance  circuits. 

The  power  supply  for  this  unit  is  contained  on  the  same  chassis.  The 
main  power  transformer  provides  filament  voltages  (5  volts  and  6.3  volts)  and  375 
volts  AC  for  B+.  The  latter  is  full-wave  rectified  by  a  5U4G  tube  and  smoothed 
out  by  an  RC  filter,  giving  +375  volts  D.C.  This  voltage  is  bled  to  ground  through 
three  high-voltage  resistors  in  series.  The  second  resistor  is  provided  with  a  tap, 
from  which  B+  at  the  desired  voltage  (200  volts)  may  be  taken  off.  A  second  trans¬ 
former  provides  the  60  volt  A.C.  power  for  the  thyratron.  The  desired  A.C.  voltage 
is  taken  between  the  center  tap  and  one  leg  of  the  secondary  winding;  the  center 
tap  goes  to  8+  to  give  the  desired  D.C.  level.  One  leg  goes  to  the  thyratron  power 
switch;  the  other  leg  is  available  to  power  a  second  such  unit. 

An  ofctal  socket  is  provided  for  taking  power  out  of  the  chassis.  Taps  are 
provided  for  6.3  volts  filament  power,  ground,  +375  volts  D.C.,  B+,  and  thyratron 
power  (60  volts  A.C.  with  a  B+  D.C.  level). 

H.  Advance  Control  Unit 

1.  Requirements  of  the  Stepping  Motors 

The  principal  purpose  of  the  advance  control  unit  is  to  control  the 
motions  of  the  pole  figure  goniometer.  This  is  accomplished  by  sending  the  appro¬ 
priate  number  of  pulses  to  the  appropriate  stepping  motor. 

The  wiring  of  the  stepping  motors  is  shown  in  Figure  13.  A  given  motor  is 
advanced  by  applying  30  volts  of  power  alternately  to  each  of  the  two  coils  in  the 
stepping  motor.  The  motor  to  get  the  power  is  chosen  bv  a  relay,  RE24,  the  "Motor 
Selector  Relay".  If  it  is  desired  to  drive  both  motors  simultaneously  a  iumper  can 
be  placed  across  the  two  power  lines.  A  resistor  and  capacitor  are  provided  at  all 
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four  coils  for  rpark  suppression.  The  back-and-forth  switching  of  power  between 
the  two  coils  of  a  given  motor  is  accomplished  by  the  relav  in  the  astable  multi¬ 
vibrator  unit.  Consequently,  the  motor  being  driven  will  step  twice  for  every 
cvcle  of  the  astable  multivibrator. 

2 .  Operation  of  the  Advance  Control  Unit 

The  circuit  diagram  of  the  advance  control  unit  is  shown  in  Figure  14. 

The  advance  program  starts  when  the  punch  control  unit  sends  out  the  "30V  Punch 
Complete"  and  "250V  Punch  Complete"  signals.  The  "30V  Punch  Complete"  signal 
passes  through  the  NC  contact  of  a  microswitch  and  becomes  the  "30V  Start  Motor" 
signal.  This  microswitch  is  mounted  on  the  pole  figure  goniometer  and  operates 
when  the  entire  scan  is  completed  to  stop  the  program. 

The  "30V  Start  Motor"  signal  operates  RE21,  the  "Start  Motor  Relav". 

This  grounds  the  advance  decade  reset  line,  allowing  this  unit  to  count  the  pulses 
from  the  astable  multivibrator  unit,  and  also  opens  the  control  line  of  the  astable 
multivibrator.  This  starts  the  astable  multivibrator  and  causes  the  motor  selected 
by  RE24  to  be  driven. 

At  the  end  of  a  prefixed  count,  the  advance  decade  trips  the  electronic 
relav,  generating  the  "30V  Stop  Motor"  pulse.  This  operates  P.E22,  which  stops  the 
astable  multivibrator,  sends  a  pulse  to  the  "Advance  Stepping  Relay",  and  closes 
RE19,  the  "Register  Driver  Relay".  These  three  coils  are  held  by  power  through  the 
NO  contacts  of  RE19  until  the  end  of  the  advance  cycle.  RE19  also  generates  the 
"250V  End  Punch  and  Advance"  signal  which  trips  either  the  x  register  or  w  register, 
as  selected  by  RE20,  and  is  also  sent  back  to  the  punch  control  unit  to  end  the 
advance  cycle. 

At  the  end  of  the  advance  cycle  RE19,  RE21,  RE22 ,  and  SR2  all  lose  power. 
RE22  drops  out  more  slowly  than  RE21  so  that  there  is  no  danger  of  the  astable  multi¬ 
vibrator  starting.  At  this  point,  the  advance  decade  resets  and  the  stepping  relav 
wipers  are  pulled  to  the  next  contact.  If  this  brings  the  stepper  to  a  "Homing" 
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position,  it  homes.  There  is  a  two-second  time  delay  in  the  punch  control  unit 
to  allow  the  stepper  to  home  before  the  timer  and  scaler  start  up  again. 

3.  Selection  of  the  Appropriate  Stepping  Motor. 

The  purpose  of  the  "Advance  Stepping  Relay",  SR2,  is  to  select  which  of  the 
two  stepping  motors  is  to  be  advanced.  Whenever  the  stepping  relay  is  at  the  ""ome" 
position  the  "Motor  Selector  Relay",  RE24  will  operate  and  the  u  stepping  motor  is 
selected.  At  all  other  positions  of  the  stepping  relay,  RE24  drops  out  and  the  x 
motor  is  selected. 

The  advance  stepping  relay  has  three  banks  of  contacts,  twenty-five  con¬ 
tacts  per  bank,  and  double-ended  wipers.  Homing  is  facilitated  by  the  presence  of 
a  pair  of  NC  contacts  which  open  every  time  the  stepper  coil  energizes. 

When  one  of  these  contacts  is  connected  to  the  stepping  relay  coil  and 
the  other  to  30  volts  power,  the  stepper  will  step  very  rapidly,  stopping  only  when 
the  power  is  removed.  The  device  is  wired  so  that  power  is  cut  off  from  the  inter¬ 
rupter  as  position  1,  the  "Home"  position. 

In  actual  practice,  the  stepping  relay  homes  whenever  RE23,  the  "Homing 
Relay"  is  closed.  This  relay  switches  the  stepper  coil  from  its  normal  input  to  the 
interrupter  contacts.  The  "Homing  Relay",  once  closed,  is  held  closed  by  power 
through  its  oWn  NO  contacts  until  RE24,  the  "Motor  Selector  Relay",  operates.  This 
relay  operates  at  the  home  position,  causing  RE23  to  drop  out.  Two  manual  buttons 
are  provided,  one  to  advance  the  stepper  one  step,  one  to  cause  the  stepper  to  home. 

The  stepping  relay  receives  a  pulse  at  the  end  of  every  advance  cycle 
unless  a  toggle  switch  is  opened.  Thus  the  stepping  relay  counts  the  number  of  ad¬ 
vance  cycles  which  have  taken  place.  Jacks  are  provided  which  will  home  the  stepping 
relay  after  seven  or  thirteen  advances,  thus  giving  either  six  or  twelve  x  advances 
for  every  u  advance.  A  third  jack  is  not  connected  to  anything.  Thus  at  this  jack 
there  is  no  homing  action  and  there  are  twentyfour  x  advances  for  every  to  advance. 
Additional  jacks  could  be  wired  up  if  other  programs  were  desired. 
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4 ,  Pulse  Counting  Circuits 

The  equipment  for  counting  the  number  of  pulses  sent  to  the  pulse  motor 
consists  of  three  parts:  a  one-shot  multivibrator  for  shaping  the  input  pulses, 
a  decade  for  counting  them,  and  an  electronic  relay  to  signal  the  end  of  the  count. 
The  circuits  are  shown  in  Figure  15, 

The  one-shot  multivibrator  can  exist  in  two  states,  but  only  one  is  stable. 
Upon  receiving  an  input  pulse  it  switches  to  the  unstable  state,  but  after  a  fixed 
time  delay,  it  reverts  spontaneously  to  the  stable  state.  Its  value  is  due  to  the 
fact  that  it  gives  a  clean,  reproducible  output  pulse  for  every  input  pulse  capable 
of  triggering  it ,  ignoring  the  spurious  noise  which  often  accompanies  the  input 
pulse. 

In  the  stable  state,  V8  conducts  heavily  due  to  its  positive  grid  return. 
The  self-biasing  principle  is  used.  Both  V7  and  V8  have  a  common  cathode  resistor, 
and  the  grid  of  V7  is  set  by  a  potentiometer  at  a  level  such  that  V7  is  cut  off 
whenever  V8  conducts,  since  both  cathodes  are  then  at  a  potential  higher  than  the 
grid  potential  of  V7.  However,  when  V8  cuts  off,  the  cathode  potential  drops  until 
V7  conducts . 

Negative  input  pulses  are  fed  to  the  plate  of  V7 ,  which  is  capacitor- 
coupled  to  thfe  grid  of  V8.  The  grid  of  V8  is  immediately  driven  in  the  negative 
direction,  cutting  off  V8  and  causing  V7  to  conduct.  This  state  is  held  while  the 
grid  of  V8  decays  up  towards  250  V.  Eventually,  the  grid  comes  to  a  high  enough 
voltage  and  V8  conducts  once  more,  cutting  off  V7.  The  output  is  taken  from  the 
plate  of  V8. 

These  output  pulses  are  used  to  drive  a  decade  counter,  similar  to  those 
used  in  the  timer  and  the  scaler.  This  unit  consists  of  four  binaries  wired  to 
give  a  count  of  ten.  Modifications  have  been  made  to  allow  counts  of  two  or  five, 
providing  a  little  flexibility.  The  two  count  is  obtained  by  using  the  normal  in¬ 
put  and  taking  the  output  from  the  first  binary;  the  five  count  is  obtained  bv 
sending  the  input  to  the  second  binary  and  using  the  normal  output.  (In  effect. 
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one  can  think  of  the  five  count  as  counting  to  ten  by  two's.)  Four  neon  lights 
are  provided  to  show  which  binaries  are  "on".  The  input  and  output  are  selected 
by  connecting  jumpers  to  appropriate  jacks  on  the  front  panel  of  the  advance  con¬ 
trol  unit. 

The  output  pulse  is  converted  to  a  relay  closure  by  the  electronic  relay 
unit.  Upon  receipt  of  a  negative  pulse  from  the  decade  the  "Electronic  Relay" 

(RE18)  closes  briefly,  then  opens  aeain ;  this  in  turn  closes  another  relay,  RE19, 
which  is  held  closed  for  the  duration  of  the  advance  cycle. 

When  there  is  a  steady  voltage  level  at  the  input  of  the  electronic  relay 
unit,  the  grid  of  V17  is  at  ground  potential  and  V17  saturates.  The  grid  of  V18 
is  held  by  a  resistor  network  to  a  voltage  intermediate  between  the  bias  voltage 
and  the  plate  voltage  of  V17.  With  V17  conducting  this  plate  voltage  is  low  enough 
that  V18  is  cut  off. 

An  abrupt  negative  swing  at  the  input  is  communicated  by  an  RC  network  to 
the  grid  of  V17,  driving  it  to  cutoff.  The  plate  voltage  of  V17  rises  to  a  value 
close  to  B+ ,  bringing  the  grid  of  V18  up  with  it.  This  causes  V18  to  saturate, 
closing  the  relay  that  is  wired  to  its  cathode.  The  relay  is  held  closed  until  the 
capacitor  in  the  input  circuit  discharges,  bringing  the  grid  of  V17  up  to  ground 
potential.  Then  V17  saturates  again,  cutting  off  V18, 

IV.  Revised  Computer  Programs 
A.  Reasons  for  Changes 

In  previous  reports2 » 3 » 4computer  programs  for  the  IBM  1620  computer  were  obtained 
for  correcting  the  scan  data  from  the  x-ray  diffractometer  for  background,  absorption, 
polarization,  and  incoherent  scattering.  The  equations  and  the  program  appropriate 
for  a  radial  x-ray  scan  were  developed  by  Stein,  Powers  and  Hoshino,  while  those  for 
a  biaxial  scan  were  developed  by  the  present  author.  With  the  construction  of  the 
new  diffractometer  it  became  desirable  to  revise  these  programs  to  make  them  compatible 
with  the  new  apparatus.  Most  of  the  changes  were  made  in  the  methods  of  handling  the 
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data  rather  than  in  the  calculations  themselves.  In  one  instance  a  limitation  on 
the  scope  of  the  programs  was  removed. 

The  new  diffractometer  differs  from  the  old  in  several  ways: 

1.  There  is  no  crystal  monochromator.  Soller  slits  are  used  instead. 

2.  The  sample  holder  does  not  move  with  chanp.es  in  the  radial  angle.  In  the 
previous  apparatus  the  sample  angle  moved  an  angle  0  when  the  Bragg  angle  was  changed 
by  2  0. 

3.  The  radial  angle  is  read  in  degrees  and  minutes,  rather  than  in  degrees  and 
hundredths . 

4.  The  timer  values  are  punched  in  a  binary  decimal  code. 

These  constituted  sufficient  reason  to  change  the  programs.  However,  the 
changes  were  made  by  making  the  program  more  general,  rather  than  writing  programs 
specifically  for  the  new  diffractometer.  The  new  programs  can  handle  data  from 
either  the  old  or  the  new  diffractometer, 

B.  Radial  X-Ray  Scan  Program  -  Ninth  Revision 

The  latest  and  perhaps  the  last  revision  of  the  radial  scan  program  was  written 
in  Fortran  II  for  the  IBM  1620  computer.  The  source  program  is  listed  in  table  6. 

A  glossary  of  the  terms  used  in  the  program  is  given  in  Section  VI,  part  B.  Some  of 
the  features  which  distinguish  this  program  from  previous  versions  are  the  following: 

1.  The  radial  angle  (2  0)  is  read  in  degree  and  minutes, 

2.  An  option  is  provided  to  choose  between  normal  or  theta  incidence  of  the  x-rav 
beam  on  the  sample. 

3.  Sense  switches  are  not  used. 

4.  Data  is  read  in  and  out  of  the  computer  by  cards  only.  The  typewriter  is  used 
solely  for  error  messages. 

5.  The  time  values  are  read  from  the  cards  in  a  binarv  decimal  code  and  converted 
to  straight  decimal  by  a  subprogram.  These  times  are  punched  as  part  of  the  output 
record. 

If  one  wants  to  enter  the  times  in  decimal  form,  this  is  easily  done,  as  will  be 


explained  later. 
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6.  The  sample  may  contain  any  or  all  of  the  following  elements:  H,  C,  N,  0, 

F,  Cl.  The  polymer  composition  is  entered  on  one  of  the  data  cards.  No  other 
operations  are  necessary  to  allow  for  different  polymer  compositions. 

7.  The  incoherent  scattering  factors  are  found  by  an  interpolation  suboropram , 
not  by  a  table  search  as  before.  The  interpolation  is  based  on  data  given  in  A. 

H.  Compton's  book.6  The  interpolation  is  valid  for  whatever  x-ray  wavelenpth  is 
used.  Thus  the  program  can  be  used  for  Cu,  Mo,  Cr  or  any  other  x-ray  tube  simnly 
by  reading  in  the  appropriate  wavelength  in  Angstroms. 

8.  The  program  does  not  assume  that  each  data  point  was  obtained  by  a  prefixed 
count  of  1000.  The  number  of  counts  is  entered  as  part  of  the  data,  once  for  back¬ 
ground  and  separately  for  the  sample. 

9.  One  data  card  is  provided  in  which  one  may  punch  information  describing  the 
sample  in  columns  1-72.  This  information  is  included  in  the  output  deck.  This 
serves  to  identify  the  output  deck  and  prevent  mixups. 

10.  Alphabetical  headings  are  provided  so  that  the  output  deck,  when  listed,  is 
self-explanatory.  All  pertinent  input  data  is  included  so  that  such  a  listing  may 
be  reproduced  as  is  in  any  report,  and  will  give  both  data  and  results.  (This  is 
a  valuable  feature,  considering  the  difficulty  involved  in  converting  times  from 
BCD  to  decimal  form.) 

11.  The  entire  background  deck  is  stored  in  memory.  Background  level  is  recorded 
every  degree:  values  in  between  are  obtained  bv  interpolation.  This  should  not  re¬ 
sult  in  a  significant  loss  in  accuracy,  but  may  be  circumvented,  if  desired. 

The  input  data  for  a  sample  run  is  shown  in  table  7.  Complete  instructions  for 
the  preparation  of  the  input  data  cards  are  given  in  Section  VI,  Operating  Notes, 
Part  C,  Preparation  of  Data  Cards.  Briefly,  the  card  deck  mav  be  described  as 
follows:  the  first  three  cards  contain  data  on  the  sample  and  the  instrumentation. 
Then  the  actual  scan  cards,  containing  the  time  values  and  the  2  0  values,  are  read. 
The  first  such  card  is  obtained  at  2  0  =  S0°  and  contains  the  sample  thickness  as 
well.  From  the  intensity  at  50°,  the  level  of  Compton  scattering  is  determined. 
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The  Compton  constant,  evaluated  at  50°,  is  used  along  with  the  incoherent  scatterinp 
factor  table  to  evaluate  the  Compton  scatterinp,  at  any  other  radial  anple. 

The  subsequent  scan  cards  are  read,  and  the  intensities  are  calculated,  corrected 
for  background,  absorption,  polarization,  and  incoherent  scattering.  The  end  of  a 
scan  is  indicated  when  a  negative  value  of  the  time  is  read.  If  a  zero  value  of 

time  is  read,  the  program  assumes  it  to  be  an  error  and  proceeds  to  the  next  card. 

A  typical  output  deck  is  listed  in  table  8. 

The  computer  program  must  also  read  the  table  of  incoherent  scatterinp  factors 
and  a  background  scan  deck.  These  cards  are  kept  at  the  back  of  the  object  deck 
and  are  read  in  automatically;  when  executinp  the  program,  one  need  not  worry  about 
them.  For  this  reason  they  are  not  considered  part  of  the  data  deck. 

C.  Biaxial  X-Ray  Scan  Program  -  First  Revision 

The  calculations  performed  by  this  program  are  described  in  a  previous  report. 

Briefly,  the  program  handles  x-ray  data  obtained  at  a  fixed  radial  angle  for  various 

orientations  of  the  pole  figure  goniometer.  This  data  is  corrected,  as  in  the 
radial  scan  program,  for  background,  absorption,  polarization,  and  incoherent  scat¬ 
tering.  The  resulting  intensity  distribution  gives  a  full  description  of  the  orien¬ 
tation  of  the  crystal  plane  in  question. 

The  changes  made  in  this  program  strongly  resemble  those  made  in  the  radial 
scan  program.  In  fact,  this  program  contains  features  1-10  listed  for  the  radial 
scan  program.  The  only  feature  lacking  is  number  11.  The  entire  background  deck 
is  not  stored  in  memory.  Only  two  background  timinps  are  required  per  scan,  and 
these  are  read  in  as  part  of  the  initialization  data.  The  two  programs  were  kept 
compatible,  in  that  whenever  the  same  data  was  required  in  both  the  radial  and  bi¬ 
axial  scan  programs,  the  same  input  format  was  used.  Thus  a  given  card  may  he  used 
with  either  program. 

There  have  been  several  changes  in  the  logic  of  the  program,  in  addition  to 
those  in  the  input-output  procedures.  First,  the  revised  program  computes  the  Comp¬ 
ton  constant  for  incoherent  scattering  from  data  obtained  at  2  0  =  50°.  In  the 
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original  program  the  Compton  constant  was  part  of  the  input  data;  the  assumption 
was  that  a  radial  scan  would  be  computed  first.  This  is  no  longer  necessary. 

The  most  drastic  change,  however,  was  in  the  handling  of  the  two  orientation 
angles,  x  and  w.  In  the  previous  program  these  angles  were  punched  on  each  data 
card.  In  the  present  program,  one  card  is  read  to  tell  the  computer  the  initial 
value  of  each  angle,  and  the  amount  by  which  it  is  incremented,  should  it  he  in¬ 
cremented.  The  first  digit  on  the  scan  cards,  the  so-called  motor  selector  digit, 
tells  the  computer  which  angle  is  incremented.  The  computer  keeps  track  of  both 
angles  in  this  manner.  In  addition,  the  computer  keeps  both  angles  in  the  range 
between  +  360°  bv  adding  or  subtracting  360°  when  either  limit  is  exceeded. 

The  source  program  is  shown  in  table  9, and  data  for  a  sample  run  and  the 
listing  of  the  output  are  given  in  tables  10  and  11.  For  instructions  on  the  pre¬ 
paration  of  the  data  cards,  see  Section  V,  Operating,  Notes ,  Part  C,  Preparation  of 
Data  Cards. 

D.  Rework  Program 

Occasionally  it  is  desired  to  recalculate  a  few  data  points  within  a  biaxial 
scan  which  has  alreadv  been  calculated.  The  rework  program  permits  one  to  do  this 
without  running  the  biaxial  scan  program,  avoiding  the  cumbersome  initialization 
procedures  involved. 

The  rework  program  is  actually  a  slight  modification  of  the  original  biaxial 
scan  program,  adapted  for  the  FORGO  compiler  svstem.  This  compiler  is  a  load-and- 
go  system,  i.e.  the  source  deck  is  read  and  the  obiect  program  is  formed  in  memorv 
each  time  the  program  is  ran,  and  then  data  cards  are  read  and  computations  are 
performed.  The  obiect  program  is  not  punched  out  on  cards. 

A  listing  of  the  Rework  Program  is  given  in  table  12,  and  sample  input  and 
output  data  are  given  in  tables  13  and  14.  Instructions  for  the  preparation  of 
input  data  cards  are  given  under  Operating  Notes.  The  output  data  cards  are  in  the 
same  format  as  those  from  the  Biaxial  Scan  program,  except  that  they  contain  no 


card  number. 
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E.  Pole  Figure  Contour  Program 

The  best  way  to  exhibit  a  pole  figure  is  to  plot  lines  of  constant  intensity. 

In  this  respect,  the  output  of  the  Biaxial  Bean  Program  is  not  in  its  most  useful 
form.  The  results  could  be  plotted  as  in  Figure  20,  with  the  intensity  written  in 
at  various  points  on  the  pole  figure  circle.  However,  the  figure  shows  onlv  a  frac¬ 
tion  of  the  data  points.  If  all  were  shown  the  graph  would  be  hopelessly  filled  with 
numbers.  A  far  better  pole  figure  is  shown  in  Figure  21.  The  constant  intensity 
contour  lines  are  much  more  easily  interpreted  than  the  numbers  on  the  previous  plot. 

The  purpose  of  the  Pole  Figure  Contour  program  is  to  locate  points  through  which 
such  contour  lines  can  be  drawn.  It  does  this  by  interpolating  between  the  data 
points  produced  by  the  Biaxial  Scan  Program.  The  interpolation  procedure  was 
modeled  after  the  procedure  in  a  previous  report  from  this  laboratory,  altered  to 
meet  the  particular  requirements  of  the  x-rav  data.  The  program  was  written  in 
Kingstran  II,  an  advanced  version  of  Fortran  II.  The  source  deck  is  shown  in 
Table  15. 


The  first  thing  the  computer  does  is  to  generate  the  contour  levels,  The 
levels  generated,  in  counts  per  minute,  are: 
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25  ,000 

40  ,000 
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span  an.’1 

'  range  of  intensities  to  be  encountered.  The 

numbers  were  selected  so  that  each  would  be  greater  than  the  previous  bv  a  factor  of 
about  1.6.  Unless  the  program  is  told  otherwise,  it  will  search  for  contour  lines  at 
all  these  levels.  However,  one  can  specifv  as  part  of  the  input  data  two  intensity 
levels,  CONTLO  and  CONTHI,  beyond  the  ranre  of  which  no  search  will  be  made.  If  one 
knows  what  levels  will  be  encountered  this  will  save  computer  time. 

The  comnutor  reads  the  dimensions  or  the  data  arrays.  As  manv  as  13  omega 
levels  (0-90°  in  5°  increments)  and  25  chi  levels  (0-180°  in  7.5°  increments)  mav  be 
accommodated.  The  program  assumes  that  the  D2h  symmetry  exists  in  the  intensity  pat¬ 
tern  : 


1.  I  (w,x)  -  I  ( — cj , x ) :  plane  of  symmetry  coinciding  with  the  plane  of  the  sample. 
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2.  I  (io,x)  =  I  (to,  X  +  180°):  Twofold  symmetry  axis  coinciding  with  the  film 
normal  direction. 

3.  I  (w,x)  =  I  (~w,  x  +  180°):  Center  of  inversion 

4.  I  (io,x)  =  I  (“»x)s  The  identity  element  completes  P2h 

The  entire  intensity  distribution  can  thus  be  described  from  the  distribution 
in  the  ranges  0  <  u  <  90°  and  0  <  x  180°.  The  intensity  distribution  probably 
possesses  even  higher  symmetry,  possibly  complete  octahedral  symmetry,  but  this  is 
not  assumed. 

Certain  omega  levels  are  inaccessible,  due  to  blocking  by  the  sarrle  holder. 

The  computer  reads  these  levels  on  a  data  card,  then  generates  the  omepa  levels  at 
5°  intervals  in  the  range  0  -  90°,  leaving  out  inaccessible  levels.  Next,  the  com¬ 
puter  reads  correcting  factors  for  certain  specified  omega  levels.  These  empirical 
correcting  factors,  may  be  used  at  omega  values  approaching  grazing  incidence  of 
the  x-rays,  where  deviation  from  the  theoretical  correcting  equations  may  occur. 

Such  factors  may  be  found,  as  shown  in  Section  V,  from  scans  on  unoriented  samples, 

The  program  next  reads  in  the  biaxial  scan  cards  one  at  a  time.  If  an  empirical 
correction  is  to  be  made,  this  is  done.  A  corrected  version  of  the  scan  card  is 
punched  out  if  such  correction  is  made.  Next,  the  data  are  assigned  locations  in 
memory  according  to  the  absolute  value  of  omega.  The  values  stored  are  chi,  the 
count  time,  and  the  corrected  intensity. 

When  w  =  t  90°  is  encountered,  a  special  procedure  is  used.  The  angle  chi  is 
indeterminant  at  this  omega  level.  (The  situation  is  analagous  to  trying  to  define 
longitude  at  the  north  or  south  pole  of  the  earth),  What  is  done  is  this:  the 
data  from  such  a  card  is  duplicated  to  fill  in  the  w  =  90°  level  of  the  matrices. 
Later  the  chi  values  at  this  level  will  be  arbitrarily  assigned  chi  values  coincid¬ 
ing  with  adjacent  values  in  the  w  =  85°  row.  Also,  the  chi  values  are  reduced  to 
the  range  0  <_  x  <  180°  by  adding  or  subtracting  180°.  The  last  column  of  the  chi 
matrix  is  given  values  x  <  180°  so  that  chi  will  increase  monotonicallv  at  any 
omega  level.  Finally,  the  chi  matrix  is  checked  two  wavs.  First,  the  rows  of  the 
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chi  matric  (i.e.  for  fixed  omega  value)  are  checked  to  see  that  chi  either  increases 
or  decreases  monotonically .  Next,  the  columns  are  checked  to  see  that  chi  values 
are  nearly  equal  for  consecutive  elements  in  a  column.  If  these  conditions  are  met, 
the  data  deck  is  accepted  and  the  interpolation  routines  start. 

The  program  takes  a  contour  level  and  finds  all  locations  where  this  intensity 
level  occurs.  Two  different  interpolations  are  done:  first,  across  the  rows  of 
the  intensity  matrix  at  constant  omega  values;  second,  down  the  columns  at  nearly 
constant  chi  values.  The  values  of  omega  and  chi  for  the  contour  level  are  found  by 
interpolation  and  punched  out.  No  interpolation  is  made  when  the  following  condi¬ 
tions  occur: 

(a)  The  angular  span  of  chi  across  which  the  interpolation  is  made  is  more  than 
16°,  or 

(b)  one  of  the  two  count  times  is  zero,  indicating  that  the  data  point  is  invalid. 
This  indicates  that  the  timer  failed  to  start.  Such  data  points,  if  they  occur, 
should  be  rerun  before  running  the  contour  program. 

When  searches  have  been  completed  for  all  contour  levels,  the  program  types  out 
a  message  to  this  effect  and  then  returns  to  the  start  of  the  program,  ready  to  read 
another  input  data  deck. 

Sample  input  and  output  listings  are  given  in  tables  17  and  18. 

V.  Calibration  and  Trial  Scans 

A.  Radial  Scans 

1.  Calibration  of  the  Radial  Angle 

The  main  problem  in  calibrating  the  diffractometer  was  setting  the  zero  on 
the  20  scale.  For  this  purpose,  radial  scans  were  made  of  powdered  samples  of  lead 
nitrate. 

Samples  were  prepared  by  powdering  the  lead  nitrate  crystals  in  a  mortar 
and  pestle.  A  small  amount  of  the  powder  was  smeared  on  a  piece  of  cellophane  tape 
and  covered  with  a  second  piece  of  tape.  The  resulting  sandwich  was  mounted  on  a 
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motor-driven  spinning  sample  holder.  In  this  device,  the  sample  spins  about  its 
own  normal  at  a  fast  rate;  the  device  was  used  here  to  average  out  grain  effects. 

An  x-ray  photograph  showed  the  sample  to  be  quite  grainy,  but  the  spots  were 
sharp,  indicating  that  the  lattice  had  not  been  deformed  by  grinding. 

The  diffractometer  was  roughlv  zeroed  during  the  process  of  alignment 
(See  Section  VI,  Part  A,  Alignment  of  the  Diffractometer).  A  quick  scan  of  the 
sample  revealed  strong  peaks  at  19  1/2° ,  2?  1/2°,  and  32  1/4°,  The  latter  peak 
was  used  exclusively  since  the  cellophane  tape  scatters  appreciably  at  the  lower 
angles. 

The  oeak  near  32°  was  scanned  by  the  prefixed  count  method  on  both  sides 
of  the  diffractometer  zero.  The  scans  are  shown  in  Figure  16.  The  centers  of  the 
diffraction  peaks  were  located  at  +32°  18'  and  -32°  12'.  This  indicates  that  the 
correct  readings  should  be  +  32°  15*  ;  the  zero  on  the  rotary  table  was  adjusted 
accordingly. 

2.  Determination  of  Instrumental  Broadening, 

The  instrumental  broadening  was  estimated  by  scanning  a  peak  of  a  lead 
nitrate  sample  and  assuming  that  all  broadening  was  due  to  the  instrument.  The 
width  at  half-height  was  measured  on  the  curves  used  for  zeroing  (Figure  16);  the 
values  obtained  were  20'  and  23',  However,  this  sample  had  a  high  optical  density 
for  x-rays  (1,41)  and  a  second  sample,  of  optical  density  0.26,  was  prepared  to 
see  if  the  broadening  would  be  affected.  The  resulting  scan  is  shown  in  Figure 
17.  The  width  at  half  height  was  21',  in  good  agreement  with  the  previous  values. 

3.  Radial  Scans  of  Three  Polyethylene  Samples 

To  test  the  capabilities  of  the  diffractometer,  radial  scans  were  made 
of  three  different  polyethylene  samples.  The  samples  had  been  slightly  crosslir.ked 
by  radiation  in  a  previous  experiment  (dose  =  5  Mr)  but  were  quite  crystalline. 

The  thicknesses  of  the  samples  were 

Sample  Thickness,  inches  thickness  (n  =  11,3  in~  ) 

1  0.0948  1.072 

2 


3 


0.0626 

0.0363 


0.708 

0.410 
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Radial  scans  were  made  in  the  manual  operating  mode  (see  VI,  B,  Scanning 
Procedures),  changing  the  Bragg  angle  manually  between  points  and  using  the  card 
punch  as  the  output  device.  The  data  deck  was  run  using  the  radial  scan  program. 

The  output  for  sample  No.  1  is  listed  in  table  0,  and  the  three  corrected  intensity 
curves  are  shown  in  figure  18.  Three  peaks,  the  110,  200,  and  020  are  quite  appar¬ 
ent.  Three  weak  peaks,  the  210,  120  and  310  are  hinted  at,  but  the  increment  in 
20  was  too  large  to  give  them  shape. 

B .  Biaxial  Scans 

1.  Test  of  Absorption  Corrections 

When  one  obtains  experimental  results  on  biaxial  orientation,  one  must  be 
sure  that  the  effects  observed  are  really  orientation  effects  and  not  due  to  varying 
degrees  of  absorption  by  the  sample.  The  effect  of  sample  absorption  and  of  varying 
scattering  volume  are  taken  into  account  in  the  biaxial  scan  computer  program.  It 
is  necessary  to  confirm  the  validity  of  these  corrections. 

To  do  this,  biaxial  scans  were  made  of  three  samples  not  containing  any 
orientation.  The  samples  1,  2  and  3  are  the  sane  ones  referred  to  in  the  previous 
section.  In  terms  of  absorbing  ability  these  samples  are  quite  thick,  and  hence 
would  serve  as  an  acid  test  for  the  absorption  corrections.  It  is  not  expected  that 
the  normal  sample  will  be  this  thick,  but  these  experiments  established  the  upper 
limit  on  thickness. 

The  samples  were  each  scanned  from  w  =  -70°  to  u>  =  +70°  using  the  110 
reflection.  The  corrected  intensity  curves  are  shown  in  figure  19.  Where  the 
correction  is  valid,  one  would  expect  to  find  the  computed  intensity  to  remain  con¬ 
stant.  It  is  evident  that  the  corrections  have  broken  down  for  sample  1.  In  sample 
2,  the  correction  is  valid  from  u  =  -60°  to  +10°,  and  in  sample  3,  from  w  =  -65°  to 
+20°. 

Apparentlv  the  assumptions  built  into  the  absorption  theorv  do  not  hold 


at  high  sample  thickness  or  at  angles  approaching  grazing  incidence.  However,  this 
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does  not  present  great  difficulties.  As  long  as  the  sample  thickness  is  0.036" 
or  less,  the  range  from  w  =  -65°  to  w  =  0°  is  available  for  use  in  the  transmission 
region,  for  the  110  plane.  For  other  planes,  one  should  not  get  closer  than  10-15° 
to  grazing  incidence.  The  useable  range  based  on  data  from  an  unoriented  sample 
may  be  extended  by  applying  empirical  corrections*. 

2.  Sample  Pole  Figure 

A  sample  pole  figure  is  given  in  Figure  20.  The  sample  is  an  experimental 
blown  polyethylene  film  provided  by  the  Monsanto  Company.  The  data  was  obtained 
from  the  200  reflection  in  the  transmission  region.  The  numbers  indicate  the  relative 
density  of  crystal  plane  normals  at  the  various  orientations.  It  is  seen  that  the 
200  plane  normals  (i.e.  a.  axes)  are  concentrated  in  the  plane  of  the  film,  near  the 
transverse  direction. 

The  numbers  in  brackets  were  obtained  at  positive  values  of  the  tilt  angle 
w,  while  the  others  were  obtained  for  negative  values.  One  would  expect  to  find  sym¬ 
metry  with  respect  to  the  plane  of  the  film,  and  this  seems  to  be  the  case.  The  ob¬ 
served  symmetry,  occurring  where  the  absorption  correction  varies  greatly,  confirms 
the  validity  of  the  absorption  correction. 

VI.  Operating  Notes 

A.  Alignment  of  the  Diffractometer 

The  following  procedure  may  be  used  to  align  the  diffractometer: 

1.  Check  the  following  to  see  that  they  are  level: 

a.  Foundation  plate 

b.  Top  surface  of  x-ray  tube  housing 

c.  Rotary  table 

d.  Jeweler's  lathe 

e.  Both  soller  slits 

*  By  reducing  the  opening  of  the  divergence  slit  it  was  found  that  the  useful  range 
in  “could  be  expanded,  and  less  deviation  from  the  theoretical  absorption  correction 
occurred. 
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2.  Check  to  see  that  the  center  of  the  following  are  all  the  same  dis¬ 
tance  (10  1/2")  above  the  foundation  plate: 

a.  Divergence  slit 

b.  Receiving  scatter  slit 

c.  Receiving  slit 

d.  Geiger-Mueller  tube 

3.  Level  the  Geiger-Mueller  tube  and  replace  its  cover.  NEVER  APPLY 
VOLTAGE  TO  THE  GEIGER-MUELLER  TUBE  WITH  THE  COVER  OPE. 

4.  Adjust  the  divergence  slit  for  the  desired  takeoff  angle.  The  point 
where  takeoff  angle  is  zero  is  marked.  Move  the  entire  divergence  soller  slit  as¬ 
sembly  laterally  away  from  this  point  toward  the  left  to  the  desired  amount.  The 
proper  lateral  motion  for  a  takeoff  angle  0Tq  is: 

i.  -  d  tan  O^q 

where  d  =  3  inches  is  the  slit-to-anode  distance. 

5.  Turn  the  x-rav  beam  on.  BE  CAREFUL  WITH  THE  X-RAYS  ON.  DO  MOT  PLACE 
YOUR  HANDS  IN  THE  PATH  OE  THE  MAIN  X-RAY  BEAM.  USE  THE  LEAD  BEAM  COVER  WHEN  NEC¬ 
ESSARY.  Adjust  the  divergence  scatter  slit  laterally  so  that  the  beam  is  in  its 
center.  The  opening  should  be  wide  enough  that  the  beam  does  not  touch  either 
side  of  the  scatter  slit. 

6.  Place  a  fluorescent  screen  at  the  center  of  the  rotarv  table  and  see 

if  the  x-ray  beam  strikes  the  center.  If  not,  loosen  the  large  Allen  screws  holding 
the  tube  support  and  move  the  +ube  laterally  until  the  beam  is  centered.  Eine 
adjustment  is  facilitated  by  an  adjusting,  screw,  Tighten  the  Allen  screws  when 
finished. 

7.  Remove  the  Geiger  tube  assembly  and  the  receiving  Soller  slit.  Move  the 
receiving  slit  along  the  lathe  until  it  and  the  x-ray  tube  anode  are  equidistant 
from  the  center  of  the  diffractometer.  Then  adjust  the  receiving  slit  for  the  de¬ 
sired  opening,  and  move  the  slit  laterally  until  the  area  viewed  by  the  receiving 
slit  and  the  receiving  scatter  slit  is  centered  on  the  center  of  the  rotary  table. 
This  mav  be  easily  observed  by  shining  a  light  through  the  two  slits. 


-30- 


The  area  viewed  should  be  considerably  larger  than  the  area  illuminated 
by  the  x-ray  beam.  If  not,  move  the  receiving  scatter  slit  along  the  lathe  to  in¬ 
crease  the  area  viewed. 

8.  Replace  the  receiving  Soller  slit  and  Geiger  tube,  placing  Geiger  tube 
as  close  as  possible  to  receiving  slit.  Turn  on  the  Geiger  tube  high  voltage. 

Loosen  the  two  screws  to  permit  lateral  motion  of  the  Geiger  tube.  The  Geiger  tube 
can  then  be  adjusted  laterally  for  maximum  counting  rate.  This  is  best  accomplished 
by  placing  a  sample  in  the  diffractometer,  finding  a  20  value  where  the  intensitv  is 
strong,  then  moving  the  Geiger  tube  laterally,  taking  a  prefixed  count  at  each  posi¬ 
tion. 

9.  The  pole  figure  goniometer  may  be  aligned  by  the  following  method: 
first,  cover  the  x-ray  port  with  lead.  Place  the  goniometer  in  the  sample  holder 
shaft  and  turn  the  x  angle  to  approximately  0°.  Turn  the  tilt  angle  until  the  sample 
plane  is  close  to  the  divergence  scatter  slit.  Then  put  a  flat  rectangular  sheet  in 
the  sample  holder,  clamping  it  so  its  bottom  edge  hits  the  two  x  =  90°  marks  and 
extends  close  to  the  scatter  slit.  An  IBM  card  may  be  used  for  this  purpose.  Level 
the  card  by  moving  the  x  angle,  and  once  it  is  leveled  set  the  indicator  at  x  '  0. 
Set  the  tilt  angle  protractor  to  read  zero.  Move  the  entire  goniometer  both  verti¬ 
cally  and  circularly  until  the  IBM  cards  bottom  edge  points  at  the  middle  of  the 
scatter  slit.  Then  clamp  the  goniometer  in  place.  Be  careful  not  to  overtighten 
the  clamp,  since  this  may  bind  on  the  inner  shaft  and  prevent  movement. 

It  is  advisable  to  check  the  alignment  of  the  goniometer  every  time  a  new 
sample  is  mounted. 

B .  Glossary  of  Terms  Used  in  Computer  Programs 

1.  Biaxial  Scan  Program 

AB :  linear  absorption  coefficient  in  inches-1.  Value  is  11.3  for  polvethvl- 

ene. 

A,B,C,D:  four  numbers,  six  digits  each,  containing  a  time  value  in  binary 


decimal  code.  If  the  time  is  in  decimal  form,  read  it  as  D  and  set  A  =  B  =  C  =  0. 
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ANH,  ANC,  ANN,  ANO,  ANT,  ANCL:  the  number  of  atoms  of  hydrogen,  carbon, 
nitrogen,  oxygen,  fluorine  and  chlorine  respectively  in  the  repeating  unit. 

BKNBR:  the  number  of  counts  (usually  1000)  in  a  background  timing. 

BT :  time,  in  decimal  form,  for  a  background  count. 

CCO:  compton  constant;  or  incoherent  scattering  constant. 

CHIZ:  XQ,  initial  value  of  angle  x  (or  ij*). 

CINT:  corrected  x-ray  intensity. 

COMPT:  intensity  of  Compton  scattering  at  a  given  20  angle. 

C0S2:  cos2  (2  0^).  If  there  is  no  monochromator  crystal,  use  1,000, 

DCHI:  increment  in  x  (or  i^) . 

COMG:  A  to,  increment  in  to  (or  0). 

FDEG  a  radial  angle  in  degrees  and  minutes.  If  this  angle  is  in  degrees 
FMINVand  tenths,  recall  that  0.1°  =  6'. 

FINCD:  digit  to  indicate  type  of  incidence  employed.  FINCD  =  0.  for  normal 
incidence,  1.  for  theta  incidence. 

MODE:  digit  to  indicate  how  the  pulse  motors  are  connected.  Normal  value 
of  MODE  is  1.  If  motor  cards  are  switched,  MODE  is  -1.  If  both  motors  run  together, 
MODE  is  0. 

MTR:  Motor  selector  digit.  MTR  is  0  for  x  advance,  1  for  w  advance  (as  the 
motors  are  normally  connected). 

0MGZ:  w0,  initial  value  of  u  (or  p) 

PHI:  the  angle  i|>  (or  w)  in  radians. 

PH  ID:  same  angle  in  degrees, 

PS I:  the  angle  (or  x  )  in  radians. 

PSID:  same  angle  in  degrees 

SCNBR:  number  of  counts  (usually  1000  in  a  sample  scan  timing. 

TEXP:  experimental  time,  in  decimal  form,  for  a  sample  count. 

THK:  sample  thickness  in  inches 

WAVLN :  wave  length  of  the  x-rays,  in  Angstroms.  Value  is  1.5418  for  CuKa 
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2.  Radial  Scan  Program 

Most  of  the  terms  used  here  appear  in  the  Biaxial  Scan  Program  and  will 
not  be  listed  again.  Other  terms  are: 

6DEG  (I):  the  ith  radial  angle,  in  degrees,  at  which  background  is 

measured. 

BT( I )  :  the  time  obtained  for  this  background  count. 

BTIME:  interplated  value  of  background  count  time. 

5DEG,  SMIN:  radial  angle  in  degrees  and  minutes  for  a  sample  count.  If 
this  angle  is  in  degrees  and  tenths,  recall  that  0.1°  =  6',  and  punch  the  proper 
number  of  minutes. 

3.  Rework  Program 

All  of  the  terms  used  here  appear  in  the  biaxial  scan  program. 

4.  Pole  Figure  Contour  Program 
CHI(I,J):  the  i,  j  value  of  x  (or  <!<) 

CHIX:  the  x  value  through  which  a  contour  line  passes.  Associated  with 
corresponding  oj  value. 

CINT(I,J):  the  i,  j  value  of  corrected  x-rav  intensity,  i.e.,  the  value 
at  OMG(I),  CHI  ( I , J) 

CONT(K):  a  level  of  intensity  for  which  a  contour  line  is  desired. 

I:  index  which  increases  when  u  (or  $)  is  increased. 

J:  index  which  increases  when  x  ( or  is  increased.  Returns  to  1  when 
oj  is  increased. 

K:  index  for  the  various  contour  levels 

NCHI :  the  x^w  ratio,  i.e.  the  number  of  x  increments  for  each  oj  increment . 
NCHI  is  the  maximum  value  of  the  index  J. 

NOMG:  number  of  w  values.  NOMG  is  the  maximum  value  of  the  index  I. 

OMG(I):  the  i^  value  of  u>  (or  $) 

OMGX:  the  oo  value  through  which  a  contour  line  passes.  Associated  with  a 
corresponding  x  value. 


TEXr(I,J):  the  experimental  count  time  for  the  i,  ]  data  point. 


-33- 


TILT(M):  an  omega  value  at  which  the  empirical  correction  factor  x  (M)  is 
to  be  used. 

TRIP(NBR):  an  omega  value  which  is  experimentally  inaccessible  and  is  to 
be  skipped. 

X  ( M ) :  an  empirical  correction  factor  which  corrects  deviation  from  the 
theoretical  absorption  at  cj  =  TILT(M).  Based  on  data  from  an  w  scan  of  an  unoriented 
sample . 


C.  Preparation  of  Data  Cards 

The  formats  for  the  data  cards  for  the  four  programs  are  shown  in  Tables  1,  2, 
3,  and  4.  Several  points  are  worth  mentioning: 

1,  Any  data  item  which  is  zero  may  be  left  blank. 

2,  Punches  in  fields  which  are  not  to  be  read  will  cause  no  trouble. 

3,  Comments  may  be  punched  on  any  card  after  column  44.  These  will  not 

be  read. 

4,  In  the  Radial  and  Biaxial  Scan  programs,  the  incoherent  scattering 
factor  table  is  at  the  end  of  the  object  deck  and  are  not  considered  part  of  the 
data  deck.  Likewise,  the  background  deck  is  part  of  the  object  deck  in  the  Radial 
Scan  program.  For  this  reason,  do  not  use  this  instruction  "4900409"  to  restart 
these  programs.  The  machine  will  try  to  read  this  data  again  if  this  is  done. 

5,  Any  number  of  data  decks  may  be  processed,  provided  each  deck  has  a 
proper  "Last"  card  (does  not  apply  for  the  Pole  Figure  Contour  Program). 

6,  The  output  decks  are  self-explanatorv . 

D.  Scanning  Procedures 

1.  Radial  Scans 

At  present,  the  radial  angle  is  not  automated,  but  scans  mav  be  done  on  a 
semiautomatic  basis  if  desired.  The  procedure  is  as  follows: 

a.  Mount  the  sample  at  normal  incidence 

b.  Turn  off  the  Astable  Multivibrator. 

c.  Turn  off  the  main  switch  on  the  punch  control  unit;  turn  on  the  auto¬ 


matic  punchinp  switch. 
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d.  Place  cards  in  the  card  punch  hopper,  then  press  the  feed  key  twice, 

A  card  should  be  registered.  Punch  identifying  remarks  on  this  card,  but  do  not 
release  it. 

e.  Manually  adjust  the  radial  angle  to  50°.  Turn  the  main  switch  on. 

The  count  cycle  should  start.  At  the  end  of  the  count,  the  time  will  be  punched  in 
columns  1-25. 

f.  Turn  the  main  switch  off.  Punch  SDEG,  SMIN  and  THK  in  the  appropriate 
fields,  using  decimal  points. 

g.  Repeat  at  other  desired  angles  (THK  need  not  be  punched  again.)  Angles 
may  be  taken  in  any  order  need  not  be  regularly  spaced.  Any  value  within  the  range 
of  the  background  deck  may  be  used.  To  avoid  backlash  error,  always  approach  an 
angle  with  a  clockwise  motion  of  the  worm  gear. 

h.  After  the  last  scan  card,  punch  a  card  with  -1  in  the  field  2-7  to  end 

the  scan. 

i.  Place  appropriate  cards  for  cards  2  and  3  at  the  front  of  the  deck. 

2.  Biaxial  Scans 

a.  Startup 

Starting  biaxial  scan  is  a  complicated  procedure,  but  once  started,  an 
enormous  amount' of  data  can  be  obtained  without  further  intervention.  The  procedure 
is  complicated  by  the  problem  of  starting  the  pulse  motors  at  the  right  position. 

Each  motor  consists  of  two  coils,  one  driven  by  an  N.C.  contact  and  one  by  an  N'.O. 
contact  of  the  Astable  Multivibrator  relay.  At  anv  given  motor  position,  only  one  of 
the  two  coils  can  cause  the  shaft  to  turn.  We  must  start  the  motors  in  positions 
such  that  the  N.O,  coil  can  turn  the  shaft  when  the  first  pulse  is  received;  otherwise 
a  pulse  will  be  missed.  This  is  accomplished  by  positioning  the  motors  with  current 
passing  through  the  N.C.  coils. 

The  procedure  is  as  follows 

1)  Turn  off  the  Astable  Multivibrator.  Check  the  advance  control  unit  to 


see  that  the  x  pilot  light  is  on.  If  not,  push  the  step  button. 
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2)  Check  to  see  if  the  striker  bar  is  in  the  right  position.  Move  the 
w  drive  by  hand  to  a  point  slightly  past  the  desired  stopping  point.  Ad-just  the 
microswitch  so  it  is  just  about  to  operate.  Then  back  off  from  the  microswitch. 

3)  Manually  adjust  the  x  drive  to  the  desired  starting  value,  and 
loosen  the  set  screw  on  the  driving  gear.  It  may  be  necessary  to  disengage  and 
re-engage  the  gear  to  get  the  screw  properly  oriented. 

4)  Turn  on  the  main  switch  and  the  automatic  punch  switch  on  the  punch 
control  unit.  When  the  count  cycle  starts,  depress  the  stop  count  switch.  The 
device  will  go  through  the  punch  cycle  and  stop  at  the  beginning  of  the  advance 
cycle,  with  power  on  the  N.C.  coil  of  the  x  stepping  motor.  The  "x  pulses"  pilot 
light  will  go  on. 

5)  Hold  the  x  angle  at  the  desired  position  and  tighten  the  set  screws. 

6)  Loosen  the  set  screw  on  large  gear  surrounding  the  brass  goniometer 
support  shaft.  Move  the  goniometer  to  the  desired  starting  position.  Push  the 
homing  button.  The  "w  pulses"  light  will  go  on. 

7)  Power  is  now  on  the  w  motor.  Tighten  the  set  screw.  The  motors  are 
in  the  desired  positions.  Turn  the  main  switch  on  punch  control  off,  and  turn  on_ 
the  Astable  Multivibrator. 

8)  Place  blank  cards  in  the  card  hopper.  Turn  Auto  Feed  on,  punch  re¬ 
lease  twice.  Manually  punch  a  "No.  1"  and  a  "No.  7"  card,  as  in  Table  2  .  Do  not 
release  the  "No.  7"  card, 

9)  Check  the  control  settings: 

a)  Zero  the  x»  <*>,  and  scaler  registers. 

b)  Check  the  increment  on  the  advance  decade. 

c)  Check  the  x!u  ratio  value 

d)  Check  the  "Double  program-single  program"  switch 

e)  Check  the  status  of  the  advance  stepping  relay.  Normally,  this 
should  be  one  step  away  from  the  "Home"  position  at  the  becinnin?  of  a  scan. 
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f)  Check  the  radial  angle 

g)  Remove  the  lead  beam  stop 

h)  Check  the  timer  on  the  x-ray  generator,  and  the  kv  and  ma  values. 

10)  Start  the  program  by  turning  the  main  switch  on. 

11)  At  the  end  add  cards  2-6  and  a  "Last"  card  to  the  data  deck. 

b.  Suggested  Scanning  Programs 

Some  possible  scan  programs  are  indicated  in  Table  5.  The  simplest  programs 
are  the  x  scan  and  the  u>  scan,  each  being  useful  when  complete  symmetry  exists  with 
respect  to  the  other  angles.  A  fine  increment  is  desirable  here  and  increments  of  2° 
in  ui  and  3°  in  x  are  available. 

In  the  biaxial  scans,  one  can  set  the  decade  for  either  a  coarse  or  a  fine 
scan.  The  latter  will  give  four  times  as  many  data  points  in  a  given  area  of  the 
pole  figure.  The  change  in  x  between  ui  advances  is  an  important  figure.  If  this  is 
360°,  an  entire  pole  figure  is  produced.  If  it  is  180°,  half  the  pole  figure  is 
produced,  but  the  other  half  is  easily  obtained  by  assuming  a  center  of  symmetry 
exists.  If  it  is  90° ,  one-fourth  of  the  pole  figure  is  produced.  The  entire  pole 
figure  can  be  obtained  if  one  knows  a  line  of  symmetry  as  well  as  the  center  of  sym¬ 
metry.  If  the  assumed  line  of  symmetry  is  off,  due  to  inaccurate  mounting  of  the 
sample,  the  pole  figure  will  be  in  error.  For  this  reason  a  value  of  180°  is  pre¬ 
ferred.  Using  a  value  of  360°  is  a  duplication  of  effort,  and  is  not  preferred. 
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Format  for  Data  Cards,  Radial  X-Ray  Scan 
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See  Part  III,  Revised  Computer  Programs,  for  a  glossary  of  terms. 


Format  for  Data  Cards,  Biaxial  X-Ray  Scan 
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See  Part  III,  Revised  Computer  Programs,  for  a  glossary  of  terms. 


Format  for  Data  Cards,  Rework 
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The  level  Omega  -  90°  should  be  represented  by  only  one  card.  The  Chi  value  on  that  card  is  immaterial 


Suggested  Automatic  Scans 
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*Nominal  increment  in  x»  The  actual  increment  is  0,1%  greater.  The  computer  program  takes  this  into  account 
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TAJLi:  6 


LISTING  OF  RAD  I AL  XRAY  SCAN  PWOGwAM 


C  RADIAL  XRAY  SCAN  PROGRAM  PROBLEM  196  DICK  DLSPt ■.  R 

C  NINTH  REVISION  -  7/30/64  -  FORTRAN  II 

C  FOR  RADIAL  SCANS  WITH  NEW  DI FFRACT  OMLTtR 

C  BRAGG  ANGLE  SPECIFIED  IN  DEGREES  AND  MINUTES 

C  OPTION  FOR  NORMAL  OR  THETA  INCIDENCL 

C  INPUT  AND  OUTPUT  ON  PUNCHED  CARDS  -  SENSE  SWITCHES  NOT  USED 

C  PROVISION  FOR  SAMPLES  CONTAINING  H.C.N.O.F.CL 

DIMENSION  BT <361  )  «BDEG< 361  ) 

DIMENSION  Y ( 7. 6 )  ♦ ANS (6  ) 

COMMON  V.X. ANS , STRFH « STRFC.  STRFN . STRFO. STRFF  t  STRFCL 
READ  600. < ( Y < I , J ) , I =1 , 7 ) . J=1 .6) 

J  =  0 

2  DO  6  I  =  1 . 361 

READ  42.A.B.C.D.  13  DEG  (  I  ) 
uT(  I  )  =DLCML  <  A  »t>.  C.D  ) 

IF  ( BT ( I ) )  2p0 . 080.6 

o  CONTINUE 

5  PRINT  52 
STOP 

^  80  PRINT  85 
STOP 

C  VERIFICATION  OF  BACKGROUND  DECK 

2  OC  N  = I  —  I 

PRINT  45 

DO  201  1=2. N 

TEST  =  BDEG (  I  ) -bDEG (  1-1  ) 

IF  (TEST)  202.203.201 

201  CONTINUE 
GO  TO  990 

202  PRINT  53  «  BDEG (  I  —  1  ) 

GO  TO  204 

03  PR  I  NT  54 , BDEG (  I  ) 

04  PR  I  NT'  55 
STOP 
100  PRINT  86. J 
PAUSE 

990  READ  87 

READ  40 . ANH ♦ ANC . ANN . AND  »  ANF .ANCL 
SUM=ANH+ANC+ANN+ANO+ANF +  ANCL 
READ  41 .F INCD. Ab.C0S2. W AVLN . BKNBR * SCNBR 
I NCD=F I NCD 
4  CNT  =  0 • 

I ZER0=N 
J  =  J  +  I 

PUNCH  48.0 
PUNCH  87 
PRINT  48  «  J 
PRINT  87 
20  CONTINUE 

1  READ  4 4  *  A . B . C . D . SUE G . j M I N . T HK 

TEXP=DECML( A.d.C.D) 

12  IF  ( TEXP  )  1 OO, 205.  I 

C  TEXP  =  MINUS  INDICATE^  LNU  OF  SCAN.  TEXP  =  ZERO  TREATED  Aj  A  MISTARl 

205  PUNCH  63.SDEG.SMIN.TEXP 
IF  (CNT)  13.13.20 
1  DO  15  I=IZERO.N 

TEST  =  SDEG- BDEG  (  I  ) 

I  F  (  TEST )  15.18.15 


lb  CONTINUE 

DO  Vdl  1=1 , I  ZERO 
TES  T  =  SDEG-BUEG  (  1  ) 

IF  (TEST )  981 . 18. 981 
981  CONTINUE 

C  IF  THIS  POINT  IS  REACHED.  THERE  IS  NO  MATCH  IN  BACKGROUND  DECK 

1 9  PUNCH  bl . SDEG 
PRINT  S I . SDEG 
IF  ( CNT  )  I3.13.2C 

1 3  PUNCH  49 
PRINT  49 

C  NO  MATCH  FOR  FIRST  SCAN  DATA  CARD.  HENCE  CCO  CANNOT  BE  CALCULATED 

C  COMPUTER  ABORTS  THIS  SCAN  -  LOOKS  FOR  ANOTHER  SCAN  TO  CALCULATE 

9  READ  44 , A , B , C « D « SDEG « S M I N « T HK 
TEXP=DECML (A.B.C.D) 

IF  (TEXP)  100.9.9 

C  MATCH  FOUND  IN  BACKGROUND  DECK 

18  T HET  =  3  »  14  1592  7* (  ( SDEG+SM I N/toO •  1/360.  ) 

IZERO= I 
BTIME  =  BT(  I  ) 

IF  (SMIN)  17.8.17 

1  7  OTHET  =  60.  *  (  BDE'G  <1  +  1  l-UUEG  (Ill 
DBT=0T ( 1  +  1  )-BT  (  I  ) 

BTI ME=BT I ME+UoT* SM I N/DTHET 
8  C0S2T  =  C0SF< 2.*THET  ) 

COST=ABSF (COSr  (THET)J 
S INT=SQRTF ( 1 . -COST*COST 1 
X=SINT/WAVLN 
CALL  INTER 

strf=anh*strfh+anc*strkc+ann*strfn+ano*strfo+anf*stkff+ancl*strfcl 
strf  =  strf /sum 

IF  (CNT)  986.986.987 
986  ABTH=AB*THK 

C  OPTION  BETWEEN  NORMAL  OR  THETA  INCIDENCE 

907  IF  (INCD)  23.22.23 
C  NORMAL  INCIDENCE  CASE  USc.  F1NCD=EER0 

22  ARG  =  ABTH* (  1  ./C0S2T- 1 .  ) 

IF  (ABTH)  91 o.91 1 .910 

911  CABS® 1 . 

GO  TO  24 

C  TEST  FOR  FORWARO  OR  BACK  RCFLECTIUN  CASES  (NORMAL  INCIDENCE) 

910  IF  (C0S2T)  27,27.28 

27  ARG=- I . * ARG 

28  CABS  =  ARG/(  1  .-LXPF(-1  .*ARG)  ) 

GO  TO  24 

C  THETA  INCIDENCE  CASE  USE  FINCD=1. 

23  CABS  =  COST*EXPF (ABTH/COST  ) 

24  CPOL® ( 1 .  +  C0S2 )/( 1 .+C0S2*C0S2T#C0S2T  ) 

D I F  =60 . * ( SCNBR/TLXP-BKNBR/BT I  ME  ) 

C0F=D IF*CPOL*CABS 

IF  (CNT)  2b, 2b, 26 

C  CALCULATION  OF  INCOHERLNT  SCATTERING  constant 

25  CCO=COF/STRF 
NDEG=SDEG 
PUNCH  67.THK 
PUNCH  46.CC0.NDEG 
PUNCH  65.BT  IMF  .TF.XP 
PUNCH  50 

CNT® I • 

GO  TO  20 


CALCULATION  of-  CORRECTED  INTENSITY 

■*6  c  int=cof-strf*cco 

PUNCH  47»SDEG*SMIN»TEXP*ClNT 
GO  TO  20 
602  CONTINUE 

40  FORMAT  ( IXi 6F 6 • 0  ) 

41  FORMAT  < l X.4F6.4 ,2Fb.O ) 

4,'  FORMAT  <  1 X, 4F 6.2 *F6.  1  ) 

4  3  FORMAT  <  1 X . F6 .2 . F6.  1  ) 

44  FORMAT  (1X»4F6.2*2F6.1«F6«4) 

4b  FORMAT  (42H  bACKGROUND  ANU  SCATTERING  FACTORS  LOADER  / 

1 1 7H  READ  SCAN  DECKS  ) 

t  6  FORMAT  ( 5H  CC 0 =F 1  0 • 4 ,  1 4H  LVALUAThJ  AT  1 4  »  bH  DEC  ) 

47  FORMAT  < 1 X, 2F6. 1 *KU.2 ,F9.2 ) 

4  H  FORMAT  ( 36H  XRAy  RADIAL  SCAN  jCAN  NO.  14) 

40  FORMAT  (30H  THIS  SCAN  CANNOT  HE  COMPUTED  ) 

FORMAT  (  3  1  H  DEG  MIN  TIME  INTENSITY  ) 

bl  FORMAT  (  1  X  ,  Fu  ■  1 . 2bX  .  32H  DEGREES  NO  MATCH  IN  bACKGROuNo  ) 

32  FORMAT  (  39H  bACKGROUND  DECK  EXCEEDS  STORAGE  TAbLE  ) 

33  FORMAT  (41H  bACKGROUND  DECK  CARD  OUT  OE  SEGUENCE  AT  ‘-'6.1  *bH  DEG  ) 

-,4  FORMAT  (  32H  bACKGROUND  DECK  DUPLICATION  AT  F6.  1  i  bH  Di_  o  ) 

format  (33H  please  rectify  error  and  dranch  to  stapi  of  program  > 

■si  FORMAT  < 1X.2FO. 1 ,FU.2. 1 1X.2JH  OMITTED  AS  IMPOSE  lbLt  ) 

bb  FORMAT  (  1  7H  DATA  USED  -  DKO  F'8.2*13H  SEC*  SAMPLE  Fb.2«bH  jL.  ) 

fc  7  FORMAT  (  1  bH  SAMPLE.  THICKNESS  F6.4.BH  INCHES  ) 

HS  FORMAT  (36H  bACKGROUND  CARD  CONTAINS  T  I M  E  =  2  E  R  O  ) 

86  FORMAT  ( 20H  END  OF  RADIAL  SCAN  I4/33H  PUSH  START  TO  keAD  ANUTHlk  S 

I  CAN  ) 

87  FORMAT  ( 72H 

1  ) 

600  FORMAT  (  10X, 7F3.U  ) 

END 


ABLE  7 


EXAMPLE  OF  RADIAL  SCAN  INPUT  DATA  DECK 


RADIAL  SCAN  CROSS-LINKED 

4.  2. 

0.  11.3  1.00  1.5418 

0000011001111001111001111 
0000100000101001001000111 
0000100000100001010000000 

. . .etc. 

000011100111100 11 100C0110 
0000001001111001110000111 
0000010001010001111000110 
0000010001110001110000011 
0000011001011001111000111 
0000000001000001011000010 
0000000000101001101001011 
0000100000100001111000111 
0000100000100001001000011 
0000000000011001011001001 
0000000000111001111001010 
0000101000101001100001110 
0000101000111001111001110 
0000000001010001011000010 
0000000001001001111000001 
0000000001000001101000110 
0000001001101001101000010 
0000100000111001111001100 
0000001000111001111001100 
0000101000111001010000110 
0-10000000000000000000000 


POLYETHYLENE  SAMPLE  NO. 

1000.  1000. 

50.  0. 

10.  0. 

11.  o. 

34.  0. 

35.  0. 

35.  10. 

35.  20. 

35.  30. 

35.  40. 

35.  50. 

36.  0. 

36.  10. 

36.  20. 

36.  30. 

36.  40. 

36.  50. 

37.  0. 

37.  10. 

37.  20. 

37.  30. 

38.  0. 

39.  0. 

40.  0. 

0.  0. 


10/27/64 


TABLE  8 


TYPICAL  OUTPUT  DATA,  RADIAL  SCAN  PROGRAM 


XRAY  RADIAL  SCAN  SCAN  NO.  1 

RADIAL  SCAN  CROSS-LINKED  POLYETHYLENE  SAMPLE  NO.  1  10/27/64 

SAMPLE  THICKNESS  .948  INCHES 

CCO-  975.2818  EVALUATED  AT  50  DEG 

DATA  USED  -  BKG  999.25  SEC.  SAMPLE  55,99  SEC 


DEG 

MIN 

TIME 

INTENSITY 

20.0 

10.0 

7.71 

7405.18 

20.0 

20.0 

7.23 

7985.49 

20.0 

30.0 

7.10 

8164.84 

20.0 

40.0 

6.51 

9023.87 

20.0 

50  .0 

5.55 

10803.48 

21.0 

0.0 

4.45 

13785.57 

21.0 

10.0 

2.99 

21122.38 

21.0 

20.0 

2.23 

28768.47 

21.0 

30.0 

2.20 

29221. 35 

21.0 

40.0 

2.82 

22565.89 

21.0 

50.0 

4.51 

13675.04 

•  •  •  G  t  C  • 

35.0  20.0 

44.91 

147.09 

35.0 

30.0 

43.99 

186.44 

35.0 

40.0 

40.32 

356.88 

35.0 

50.0 

34.15 

725.74 

36.0 

0.0 

29.33 

1124.15 

36.0 

10.0 

26.13 

1470.81 

36.0 

20.0 

30.45 

1026.43 

36.0 

30.0 

34.54 

707.04 

36.0 

40.0 

39.16 

425.06 

36.0 

50.0 

39.58 

403.52 

37,0 

0.0 

40.52 

355.57 

37.0 

10.0 

42.25 

273.38 

37.0 

20.0 

43.12 

235.57 

37.0 

30.0 

44.18 

190.90 

38.0 

0.0 

39  .44 

429.47 

39.0 

0.0 

35.48 

691.19 

40,0 

0.0 

27.56 

1434.91 

T  ABLE  9 


LISTING  OF  dlAXIAL  XRAY  SCAN  PKOj^AM 


C  U1 AXIAL  XRAY  SCAN  PROGRAM  PROBLEM  196  DICK  DEEPER 

C  FIRST  REVISION  -  d/7/64  -  FORTRAN  II 

DIMENSION  Y <  7 ,6 )  , ANS (6  ) 

COMMON  Y,  X  .  ANj « STRFH  .STRFC  .  sTRFN  » STRFO »  STRFF ♦ STRFCL 
READ  600,  <  < Y (  1  ,J  )  ,  1  =  1  ,7  )  , J=1 ,6) 

TYPE  601 
0  =  0 

100  J=J+1 

K  =  0 

READ  54 

READ  4  1  »  ANH  .  ANC.  .  ANN.  ANO  »  ANF  ,  ANCL 
SUM=ANH+ANC+ANN+ ANO+ANF+ANCL 
READ  42 «F INCD  «  AB  «  COSE  «  WAVLN «  BKNBR ♦ SCNbR 
I NCD=F I NCD 

C  READIN  OF  DATA  FOR  COMPUTATION  OF  INCOHERENT  SCATTERING 

READ  44 . A  .6  .  C  .  D 
BT  =  DECML<  A.B.C.D ) 

READ  44.A.B.C  «U«F  DEG .FM1N.T HK 
TEXP=DECMl(A»B»C«D) 

GO  TO  103 

READIN  OF  INITIAL  DATA  FOR  SCAN 

1 02  READ  44.A.B.C.D 
BT=DECML(  A.B.C.D  ) 

90  READ  43.OMGZ.CHlZ.OOMG.DCHI . FDE G * F M I N . MODE 
i<  A  R  D  =  1 

DCH I = l .00 1 *DCH 1 

C  MODE  =  l  PULSE  MOTOR  CAbLES  CONNECTED  AS  LABELLED 

C  MODE  =  -1  CABLES  REVERSED  < CH  1  CABLE  TO  OMEGA  MOTOR  .  ETC) 

C  MODE  =  0  JUMPER  INSTALLED  SO  MOTORS  RUN  SIMULTANEOUSLY 

103  ABTH=A6*TH< 

ndeg=fdeg 

NM 1 N=FM I N 

THETD=0.5* ( FOEG+FM I N/6J. ) 

THFT=RADI AN ( THFTD ) 

C0S2T=C0SF(2.*THET ) 

CPOL= (  I .+C0S2  )/ (  1  .+C0S2*C0S2T*C0S2  T  ) 

COS T  =  AG SF  ( COSF  (THET  )  ) 

S I  NT  =  SQRTF (  1  .-COST* COST  ) 

X=S1 NT/WAVLN 
CALL  INTER 

STRF=ANH*STRFH+ANC*STRFC+ANN+STRFN+AN0*STRF0+ANF*STNFE  +ancl*strfcl 
STRF  =  STRF /SUM 
IF  (K)  116.116.101 

C  COMPUTATION  OF  INCOHERENT  SCATTERING  CONSTANT 

116  K  =  1 

D 1 F  =60 • * ( SC NbR/TLXP -BKNBR /BT ) 

C  OPTION  BETWEEN  NORMAL  OR  THETA  INCIDENCE 

IF  ( INCD)  1 00 , 105, 1 08 

C  NORMAL  INCIDENCE  CASE  -  USE  INCD  =  ZERO 

105  ARG=ABTH* ( 1 ./C0S2T-1 . ) 

IF  (ARG)  505,506,505 
506  CABS=1. 

GO  TO  111 

505  IF  (C0S2T)  109,109.  I  1 0 

1 09  ARG  =  —  1  . *ARG 

110  CAf3S  =  ARG/ (  1  . -EXPF  (  -  1  .*  ARG  )  ) 

GO  TO  111 

C  THETA  INCIDENCE  CASE  USE  INCD  =  ONE 


1  IB  CABS=COST*EXPF  (  AtiTH/COST  ) 

111  CCO=DIF*CAuS  *C POL/3 TPF 
PUNCH  60  *  J 
TYPE  60i  J 
PUNCH  54 
TYPE  54 

IF  ( CCO  )  bOl  < b 02 <502 
b  1  PUNCH  50 

TYPE  50 
STOP 

50?  PUNCH  64  <  CCO<NDEG  *NM  IN 
PUNCH  6b  <  BT  <  T  EXP 
PUNCH  6  7  <  T HK 
GO  TO  102 
1  1  PH  I D=OMGZ 

P  S I D  =  CH I Z 
COMPT=CCO*STRF 
PUNCH  66<N0EG<NMIN<BT 
PUNCH  68  <  COMP  T 
PUNCH  61 
PUNCH  6? 

C  PEAL)  IN  OF  SCAN  CAPDS 

i  06  RE AO  47<MTP<A<E1<C<0 

TEXP  =  DECML(A<U<C<L)1 

C  TEXP  =  MINUS  INDICATES  END  OF  SCAN<  TEXP  =  ZERO  TREATED  Ai  A  MISTAKE 

I  07  I F  ( TEXP )  50 J <  1 2  <  b 

5  00  PUNCH  bb  <  J 

TYPE  55  <  J 
GO  TO  1 00 

b  PS  I =RADI AN( PS  10 ) 

PHI =RADIAN(PH ID) 

IP  COSA=SINF(PSl  )*C0SF(PhI  ) 

PAD- SQRTF (  (  1  .u-ABSF (COS A  )  )  / (  1 . 0  +  AoSF ( COS A  )  )  ) 

TEST  FOP  TILT 
IF  (PHID)  6 <7, 6 
t  TEST= 1 80.0-AOSF (PHI D ) 

IF  ( TEST )  1  1  <  7 , 1  1 

II  TEST=360.0— ABoF(PHID) 

IF  (TEST)  1 b<  7  <  1 6 

C  TESTS  FOP  REFLECTION  op  TRANSMISSION 

15  COSP=COSF ( THET+PH I ) 

COSM=COSF ( THET-PH I ) 

TEST=COSP*COSM 
IF  (TEST  )  16<  12<  13 

12  PUNCH  63<PHID<PSID<TEXP 
GO  TO  23 

C  UNTILTED  SAMPLE 

7  CAB-S  =  COST*EXPF  (  AbTH/COaT  ) 

TEST=COSF(PbI)*COSF(PHl  ) 

IF  (  TEST  )  I  7  <4  ,  I  8 
1  7  COSD  =  - 1  .  0 

GO  TO  8 
4  COSD  =  0 • w 

GO  TO  B 
18  C.OSD=  1  .0 

GO  TO  H 

C  TRANSMISSION  METHOD 

13  SECP=  I  .0/AI3SF  (  COSP  ) 

SECM= I .U/AHSF ( COSM ) 

SFCD=SF CP-SECM 


C  ARo  =  (  AbTH*SLCD  )  /  (  6ECM*  (ExPF  (  -AbT  H+sLCM  )-EXPF  (  •AdTH*atCP  )  )  ) 

GO  TO  14 

C  REFLECTION  METHOD 

16  SECP  - I *0/ AriSF ( C0£P ) 

SECM  = 1 . u/ABSF ( COSM ) 

SFCS=SECP+SECM 

CABS  =  (  ABTH*SECS  )  /  (  SF.  CM*  t  1 . 0-EXPF  (— AbTH*SECS  )  )  ) 

14  S 1 NA=S0RTF t 1 . 3-C0SA*C0SA ) 

IF  (SINA)  2*4,2 

2  COS D  =  COSF ( PS  I  )  *C0bP  ( PH  1  > /S I NA 

C  COMPUTATION  OF  CORRECTED  INTENSITY  AND  PJNCHINO  OF  RESULTS 

8  D1F  =  60.* ( SCNbR/TbXP-dKNBR/dT  ) 

C I NT=D I F * CABS *CPOL— COMP T 

PUNCH  49  «  PH  I D, PS  1 D, TEXP, COSD*  COS A , PAD, C I  NT ,KARD 
IF  t C I  NT )  bo3»bu4»504 

603  TYPE  51 , K ARD 
504  K ARD^K  ARD  + 1 

C  INCREMENTING  THE  SAMPLE  ANGLES 

2  3  TEST  =  MODE* ( 2*MTR- 1  ) 

IF  (TEST)  22,24,21 

21  PH  I D  =  PH I D  +  DOMG 
GO  TO  104 

44  PH  I  D  =  PH  I  D  +  DO'-IG 

22  PSID=PSID+DCHI 

C  REDUCTION  OF  ANGLES  TO  RANGE  -360  TO  +360  DEGREES 

104  IF  ( PH  I D )  112,113,114 

1 12  T£ST=PHlD+360. 

IF  ( TEST )  117,117,113 

1  1 7  PH  I D  =  TEST 
GO  TO  112 

1  I  4  TEST  =  PH1D-36C • 

I  F  ( TEST )  113,116,115 

115  PH  I D= TEST 
GO  TO  1 14 

113  IF  (PS  ID)  118,106,119 
1  IB  TEST  =PSlD+36^. 

IF  (TEST)  120,120,106 

120  PS  1 D  =  TE  ST 
GO  TO  118 

1 19  TEST-PS1D-36U. 

IF  (  TEST  )  1  06,  I  2.1  ,  1  21 

121  PS  I D  =  TEST 
GO  TO  119 

69  CONTINUE 

4 1  FORMAT  (  I  X, 6F6.0  ) 

4 2  FORMAT  ( 1 X , 4F6.4 , 2F 6.0 ) 

43  FORMAT  (IX, 6 F 6.1,  13) 

44  FORMAT  (  1 X, 4F6.2 ,2F6. 1  «F6.4  ) 

4  7  FORMAT  (II, 4F6.2  ) 

4  9  FORMAT  (  1 X, 2F6 . 1  ,F8.2 * 3Fa.b, F9.2 «  1 3X  ,  I  5  ) 

50  FORMAT  ( 1 5H  DATA  IN  ERROR  /26H  CCO  FOUND  TO  bE  NEGATIVE  ) 

Til  FORMAT  (  3bH  NEGATIVE  INTENSITY  AT  OUTPUT  CARD  14) 

54  FORMAT  ( 79H 

1  ) 
bb  FORMAT  (bbX,22H  END  OF  hi  Ax  SCAN  NO.  13) 

60  FORMAT  ( 2bX , 2BH  BIAXIAL  XRAY  SCAN  -  NUMBER  13) 

61  FORMAT  (54H  OMEGA  C.H  1  TIME  COSINe  COSINE  RADIUS  INTENSITY) 

62  FORMAT  (53H  -PHI-  -PS  I  -  SEC  DELTA  ALPHA  CTS/MlN/) 

63  FORMAT  ( lX,2Fb. 1 ,FB.2*34X,23H  OMITTED  AS  IMPOSSIBLE  ) 

64  FORMAT  (bH  CCO  =F  1  0  •  4 , 1  4  H  EVALUATED  AT  I  4  ,  bH  DEG  I  4  ,  bH  Mi  I  N  ) 

6b  FORMAT  (1  f H  DATA  USED  -  BKG  FU.2.13H  SEC,  SAMPLE  Fo.2«bH  SEC  ) 


BKb  =FB.2»bH  SEC  ) 


f>B  r-ORMAT  (  1  2H  2  THE  T  A  -  I  4i  5H  DEG  1 4  *  I 3H  M  1  N 

o  f-'ORMAT  <  1_8H  SAMPLE  THICKNESS  F6.4«BH  INCHES  ) 

£>R  fORMAT  (  33H  INTENSITY  OF  COMPTON  SCATTERING  F9.2.9H  CTS/MIN  /  )" 

c  OO  FORMAT  (  1 0X«  7F5«0 ) 

L<  t  FORMAT  (27H  BIAXIAL  XRAY  SCAN  PROGRAM  /3BH  INCOHERENT  SCATTERING  F 
1  ACTORS  LOADED  ) 

END 


TABLE  10 


TYPICAL  INPUT  DATA,  BIAXIAL  SCAN  PROGRAM 


SAMPLE  32A  110  PLANE  REFLECTION  REGION 

4*  2 .  0.  0#  0 1  0, 

0.  11.3  1.00  1.5418  1000.  1000. 

0011100011101011111011101  50. 
1001100001110001111011010  50.  0.  .0096 

0001110001110011100011001  21.  20. 

85.  0.  5.  7.5  21.  20.  1 

0000000000110000111000110 
0000011000111000101000101 


DATE  OCTOBER  22,  1964 


FIFTY  DEGREE  BACKGROUND  CARD 
FIFTY  DEGREE  CARD  SAMPLE  32 A 
BACKGROUND  COUNT  21  DEG  20  MIN 
SAMP  32 A  110  PLANE  REFLECTION  RGN 


.  .  .  6 1  C  . 

0000000000101000101000110 

0000010000111000101000101 


.  .  .  6t  C  . 

1000000000000000110000111 

-1 


TABLE  11 


TYPICAL  OUTPUT,  BIAXIAL  SCAN  PROGRAM 
BIAXIAL  XRAY  SCAN  -  NUMBER  1 

SAMPLE  32A  110  PLANE  REFLECTION  REGION  DATE  OCTOBER  22,  1964 

CCO=  181.3172  EVALUATED  AT  50  DEG  0  MIN 

DATA  USED  -  BKG  999.25  SEC,  SAMPLE  198.52  SEC 

SAMPLE  THICKNESS  .0096  INCHES 

2 THETA  =  21  DEG  20  MIN  BKG  =  398.61  SEC 

INTENSITY  OF  COMPTON  SCATTERING  191.44  CTS/MIN 
OMEGA  CHI  TIME  COSINE  COSINE  RADIUS  INTENSITY 

-PHI-  -PSI-  ■  SEC  DELTA  ALPHA  CTS/MIN 


85.0  0.0  5.52  .08715  0.00000  1.00000  5794.30  1 

85.0  7.5  5.69  .08641  .01138  .98867  5612.96  2 

. . .  g  1  c . 

85.0  180.1  5.60  -.08715  -.00027  .99972  5707.59  25 

90.0  180.1  3.31  0.00000  0.00000  1.00000  5858.84  26 


END  OF  BIAX  SCAN  NO. 


1 


o  o 


TABLE  1? 


LISTING  OF  REWORK  PROGRAM 


C 

REWORK  PROGRAM  FORGO  COMPILER  OCTOBER  1064 

C  FOR  RECALCULATING  INDIVIDUAL  CARDS  PROM  BIAXIAL  SCAN 

1  REAL)  80,AB,COS2,BKNBR,SCNBR 
READ  81 ,FEDG ,FMIN ,BT,COMPT ,THK 
ABTH-AP*THK 

THET=0 . S*(  I'DEG+FMIN/60.) 

THET=3.141S927*(THET/180.  ) 

COST- ABSP( COS F(THET) ) 

COS2T=COSF(2 , *THET) 

CPOL-( 1 . +COS2 ) /( l.+COS2*COS2T*COS2T) 

PUNCH  84,FDEG,FMIN 
23  READ  8 1 ,  PH  I D ,  PS  I D ,  TE  XP 
IF  (TEXT)  l,  1,  110 
110  PHI=3.1415927*( PH ID/180. ) 

PSI=3. 141S927*(PSID/180. ) 

19  COSA=S INF( PS  I ) ACOSF{ PH  I ) 

RAD=SQRTF( ( 1 . 0-ABSF( COS  A) )/( 1.0+ABSF( COSA) ) ) 

C  TEST  FOR  TILT 

TEST=PHI D*( 180 ,-ABSF( PH  I D) )*( 360.-ABSF( PH  ID)) 

IF  (TEST)  16,7,15 

C  TESTS  FOR  REFLECTION  OR  TRANSMISSION 

15  COSP=COSF( THET+PHI ) 

COSM=COSF(THET-PHI ) 

TE  ST= C  OS  P “COS  M 

IF  (TEST)  16,12,13 

12  PUNCH  63 , PH  ID ,PSID ,TEXP 
GO  TO  23 

C  UNTILTED  SAMPLE 

7  CABS=COST*EXPF( ABTH/ COST ) 

TEST=COSF(PSI )*COSF(PHI) 

IF  (TEST)  17,4,18 

17  C0SD=-1.0 
GO  TO  8 

4  COS D= 0,0  ' 

GO  TO  8 

18  COSD=1.0 
GO  TO  8 

C  TRANSMISSION  METHOD 

13  SECP= 1 . 0/ ARS  F( COSP) 

SECM= 1 , 0/ ABSF( COSM ) 

SECD=SECP-SECM 

CABS=( ABTH*SECD)/(SECM*(EXPF(-ABTH*SECM)-EXPF(-ABTH*SECP))) 
GO  TO  14 

C  REFLECTION  METHOD 

16  SECP=1,0/ABSF( COSP) 

SECM=1.0/ABSF(C0SM) 

SECS=SECP+SECM 

C AB S = ( ABTH  *SE C ) / ( SE CM *( 1 . 0-EXP  r( - AB TM  *S  I ; C P ) )  ) 

14  SINA=SQRTF( 1 . 0-COSA*COSA) 

IF  (SIMA)  2,4,2 

2  COSD-COSF( PSI )*COSF( PHI )/SINA 

C  COMPUTATION  OF  CORRECTED  INTENSITY  AND  PUNCHING  OF  RESULTS 

8  DIF=60. *( SCNBR/TEXP-BKNBR/BT) 

CINT=DIF*CABS*CPOL-COMPT 


TABLE  12  ( cont . ) 


PUNCH  49,PHID,PSID,TEXP,C0SD,C0SA,RAD,CINT 
GO  TO  23 
111  CONTINUE 

49  FORMAT  ( 1X,2F6.1,F8.2,3F8.5,F9.2,13X,15) 

63  FORMAT  ( IX ,2F6 . 1 , F8 . 2 , 34X, 23H  OMITTED  AS  IMPOSSIBLE  ) 

80  FORMAT  ( 7X, 2F6. 4 ,6X  ,2F6 . 0 ) 

81  FORMAT  (1X.5F6.2) 

84  FORMAT  (21H  CORRECTED  CARDS  FOR  F6.1.5H  DEG  F6.1.5H  MIN  ) 
END 


TABLE  13 


EXAMPLE  OF  INPUT  DATA,  REWORK  PROGRAM 


0.  11.3  1.00  1.5418  1000.  1000. 

21.  20.  398.61191.44.0096 

85.  7.5  5.69 


TABLE  14 

EXAMPLE  OF  OUTPUT  DATA,  REWORK  PROGRAM 


C  C 

CORRECTED  CARDS  FOR  21.0  DEG  20.0  MIN 

85.0  7.5  5.69  .08642  .01138  .98869  5612,97 


TAHLt'  I  5  «  LI  jTINb  OF  POLL.  F  I  UURL  CUNTUUR  MwQbHAh 


*  Jon  POLI  FIGURE  CONTOUR  PRuGRAM  OCTuBER  1964 

c  kingstran  ii 

D  I  MENS  ION  CH  1(19*  25  )  *  T  E  XP  (  1  9  «  2  b  )  «  C  I  N  T  (  1  9  ♦  2b  )  i  CONT  t  I  b  )  »  OMEGA  (19) 
DIMENSION  T  II.  T  <6  )  «X  (6  )  ,  TRIP!  12  ) 

A  >;  FORMAT  (  I  X  »  2F  6  »  1  *  F  B • 2  »  3F  b • b  «  F9. 2  « I  3X  .  I  b  ) 

1 3  FORMAT  CIX.12F6.2) 

b4  FORMAT  ( 72H 

1  ) 

FORMAT  ( b6X  «  1 6H  END  OF  MAP  NO.  13) 

Eb  F-  ORMA  T  (  2SX  « 38H  POLE  FIGURE  CONTOUR  PROGRAM  -  MAP  NU.  I  J/  ) 

FORMAT  (  6bH  THE  FOLLOWING  INPUT  DATA  CARDS  HAVE  OELN  CORRLCTld  AS 
1  INDICATED  / 72 H  OMEGA  CHI  TIME  COSINE  COSINE  WAD  I Uj  INTtNSI 
2 T V  former  CARD/63H  -PHI-  -PSI-  '  SEC  DELTA  ALPHA 

3  CTS/MIN  VALUE  ) 

FORMAT  ( 29H  NO  LOCATION  FOUND  FOR  0MLGA=F6»1) 

■  1  FORMAT  (10X/MH  LOCATIONS  OF  F9.2*22H  CTS/MlN  CONTOUR  LINE  /  1 3H  O 

1  MEGA  CHI  ) 

'  FORMAT  (  1  X  ,  ?F 6 . 1  ) 

A  FORMAT  ( 1X.2F6.1 «F8.2, JF8 . b « 2F9 . 2 « bX « 14 ) 
t,  ,  FORMAT  (  32H  INPUT  DATA  NOT  IN  PROPER  ORDER  ) 

■  o  FORMAT  <29H  INPUT  DATA  READ  FOR  MAP  NO.  13) 

Mb  FORMAT  (20H  SCAN  DECK.  ACCLPTLD  ) 

_  SETTING  OF  CONTOUR  LEVEES 

CONT  (1  )  =  I  00. 

CONT ( 2 ) = 1 60 . 

CONT ( 3 ) =250 . 

CONT ( 4 ) =400. 

CONT (b ) =640. 

DO  303  K  =  6, 1 5 

CONT (K )=10.*CONT (K-b) 

303  CONTINUE 
L  =  0 

C  READ  1 N  OF  DIMENSIONS  UF  DATA  MATRICES 

TOO  READ  b4 

READ  bJ.FNQMG ,F NCH I • CONTLOt CONTH I 

NOMG=FNOMG 

NCH I =  F  NCH I 

C  MATRICES  FILLED  WITH  ZEROES 

DO  301  1=1,19 

DO  302  J= 1 , 2b 
CHI  (  I  ,  J  )  =0 . 

TEXP( I , J) =U. 

C INT( I , J) =0. 

J.)2  CONTINUE 
J'.'l  CONTINUE 
SW I  TCH  =  0 , 

C  SETTING  OF  OMEGA  LEVELS 

READ  b3* ( TRI P (NBR  )  «NDR= 1  « I  2 ) 

OMFGA ( 1 )=0. 

DO  710  1=2, NOMG 

OMEGA (  I  ) = OMEGA ( I  -  I  ) +5. 
n  3  DO  71  1  N3R  = I  ,  1 2 

Ti: ST  =  OMEGA  (  I  )  -TR  IP  (  NBR  ) 

IF  ( TEST )  711,712,711 

7  1  2  OMEGA  (  I  )  =OMEGA  (  I  ) +b. 

GO  ro  713 
71 1  CONTINUE 


o  n 


71 0  CONTINUE 

NEAOIN  OF  CORRECT 1 NG  FACTOWS  FOR  CERTAIN  OMEGA  VALUES 
IF  NO  SUCH  CORRECTING  IS  DESIRED  READ  A  riLANK  CARD 
READ  53  ♦  <  T  IlT  <  M  )  ,X  (  M  >  »  M=  1  .  6  >' 

L=L  +  1 

PUNCH  58. L 
TYPE  58. L 
PUNCH  54 
TYPE  54 
DO  305  M=  1 , 6 
IF  ( X ( M  )  )  305.306.305 
■6  NC0RXN=M-1 
GO  TO  350 
305  CONTINUE 
NC0RXN=6 

REAOIN  OF  DATA  DECK  -  OBTAINtD  FROM  BIAXIAL  oCAN  PGM 
Vj.'J  DO  704  11=1  .  NOMG 

DO  702  J= 1 .NCHI 

READ  49. PH  I  .PS  I  »T I  ME . C OSD . COS A . RAD . R AT E . K ARD 
IF  (NCORXN)  310.310.311 

CORRECTING  OF  SELECTED  INTENSITY  VALUES 
I  DO  314  M=1 . NCORXN 
TEST  =  PHI  —  TILT  (M) 

IF  (TEST)  314,316.314 
16  IF  (SWITCH)  315.317.315 

PUNCHOUT  OF  CORRECTED  INPUT  DATA  CARDS 

3 1 7  PUNCH  59 
SWITCH=1 . 

315  OLD  I  NT  =  RA  TE 

RATE=RATE*X (M  ) 

PUNCH  64, PHI  ,PSI  ♦ TIME. COdD.COSA, RAD. R AT E » OLD  I  NT , K ARD 
.114  CONTINUE 
310  CONTINUE 

C  ASSIGNING  LOCATIONS  ACCORDING  TO  OMEGA  VALUE 

DO  335  1=1, NOMG 
TEST= OMEGA ( I )-AdSF (PHI) 

IF  (TEST)  7j1 ,700,701 
I  •  1  TEST  =  OMEGA (  I  J-ABSF (  1 00. -PH  I  > 

IF  (TEST)  335,700,335 
335  CONTINUE 

TYPE  60, PHI 
STOP 

7  )0  CH  I  (  1  .  J  )  =PS  I 

TEXP (  I  , J ) =T I  ME 
C INT (  I  , J ) =RAT  E 

DATA  POINT  AT  FILM  NORMAL  ORIENTATION  IS  DUPLICATED 

C  ACROSS  THE  MATRICES 

TEST= ( 90. -PH  I  )*(27U.-PHI  ) 

IF  (TEST)  702,703.702 
/ j J  DO  705  JI=J.NCHI 
CHI ( I , J 1 ) =PS I 
TEXP (  I  . J1  )  =  T I  ME 
C INT (  I  , J1  > =R A  TE 
705  CONTINUE 
GO  TO  704 
702  CONTINUE 
7  1 4  CONT I NUE 
TYPE  60. L 

L  CHI  VALUES  CHANGED  TO  PROPER  RANGE 

DO  318  1=1 , NOMG 
DO  319  J= I , NCH I 


321  IF  (  CH  I  (  I  «  J  )  )  3B0  i  3  1  9  «  38  I 

3 BO  CHI ( I , J)*CHI ( 1 , J)+1B0. 

GO  TO  321 

301  TEST sCH I  (  I , J  >- 1 80. 

IF  (TEST)  31 9 » 302 i 382 

302  CHI ( I i J)= TEST 
GO  TO  30 1 

J 1 9  CONTINUE 
31 8  CONTINUE 

00  4  I  =  I  ,  NOMG 

322  TEST=I 0.-CH1  (  I  ,NCHI  ) 

IF  (TEST)  4o.b 

0  CHI  (I  « NCH I  ) =CH  1(1, NCH I  )  +  I  80. 

A  CONTINUE 

CHI  VALUES  AT  0MEGA  =  S>0  AWE  ARBITRARILY  msSIGNEO  THE 
C  SAME  VALUES  That  APPEAL  in  ADUACENT  ROw  OF  CHI  MAIkIX 

T EST =90 .-OMEGA ( NOMG ) 

IF  (TEST)  500.501  ,350 
55  1  OO  552  J  =  I  . NC  H I 

Chi  ( NOMG  «  U ) =GH I  ( NOMG- 1  iJ) 

552  CONTINUE 
550  CONTINUE 

VERIFICATION  that  CHI  VALUES  INCREASE  OR  OECWeASE 
C  MONOTONICALLY  AT  FIXLO  OMcGA  value 

00  339  1=1, NOMG 

00  340  J  =  3 , NCH I 

TEST=  <  CH I  (  I  , J )-CHI  <  I  , J- 1  )  ) * ( CH I  (  I  . U- I  ) - CH I  (  I  , U-2  )  ) 

IF  (TEST)  341 .341 ,340 
341  TYPE  66 
STOP 

340  CONTINUE 
339  CONTINUE 

C  CHI  MATRIX  CHECKED  TO  SEE  THAT  CHI  VALVlo  ARE  NtAWL Y 

C  LOUAL  FOR  ADUACENT  lLcMENTS  OF  A  COLUMN 

00  730  I =2, NOMG 
DO  73  1  J= I  «  NCH I 

TEST  =  5.-ABSF ( CHI  (  I  , J  )  - CH I  (  I -I  ,U)  ) 

IF  ( TEST )  732 . 73 1,731 

731  CONTINUE 
7J0  CONTINUE 

GO  TO  733 

7 32  TYPE  66 
STOP 

733  TYPE  B8 
SWI  TCH  =  O  « 

C  START  OF  MAIN  CONTOUR  MAPPING  LOOP 

OO  6  K=  I  ,  I  5 
TEST  =CONT ( K  )  -CONTLO 
IF  (TEST)  6.630.63U 

630  IF  (C0NTH1)  631,631,632 
53?  TEST  =  CONT ( K  )  — CONTH I 

IF  ( TEST)  631 .631 ,6 

631  CONTINUt 

C  START  OF  FIRST  INTERPOLATION  SUBLOOP 

00  16  1=1, NOMG 

JZERO= I 

C  OATA  POINT  *IHL«L  TLxP  lb  ZERO  IS  TO  BE  AVOIOEO 

19  IF  ( TEXP (  I  , UZtRO  )  >  IB,  IB,  17 
18  JZERO= J2ER0+1 

GO  TO  19 


I  7  JZERO= jzerof I 

00  ? 0  J=JZERO.NCHI 

DELTAI  =  C0NT  (I<  )-C  I  NT  (  I  ,  J-I  ) 

IF  ( TE  XP (  I  *  J  )  )  21  (21  (22 

22  DbLTA2  =  C0NT  (r.  )-C  INT  (  I  »  J  ) 

TEST=DELTAI *0ELTA2 

IF  ( TEST )  1 UO( I uOi 20 

1  JO  IF  ( DELTA  1)  23.24,23 

Z4  OMGX  =  OMEGA (  I  ) 

CH I  X  =C  H 1  (  I  . J-I  ) 

28  IF  (SWITCH)  J24.J23.J24 

323  PUNCH  6  I  «  CONT  (  is  ) 

SW 1  T CH  =  I  . 

C  PUNCHOUT  OF  CONTOUR  LOCATION 

324  PUNCH  6 2  «  0 F G X , C H  I  X 
GO  TO  2 u 

23  IF  ( DEL  T  A2 )  2S.26.2b 

26  OMGX=OMEGA  (  I  ) 

CH I X  =  LH 1  (  1  , J  ) 

GO  TO  28 

2  3  FPACTN  =  UEL  T  ,»  I  /  (  i  jLL  TA  1  -UELTA2  ) 

J  JO  SPAN  =  AD  _>F  (CHI  (  I.  Jl-CHI  (  1  .J-l  )  ) 

IF  CM  I  SPAN  IS  TOO  OPE AT  NO  INTERPOLATION  IS  MADe 

TEST  = 1 6. -SPAN 
1  F  (  TLS  T  )  2'.  .  .  ,  3vl 

J  9 1  CONTINUE 

DELCHI  =FR ACT  N*  (  CH  I  (  I  .  J  )  -  CH  I  (  I  ,  J-  1  )  ) 

CH I X=CH I  (  1  ,J-1  )  +  L)ELCh  I 
OMGX  =  OMEGA (  I  ) 

GO  TO  28 

21  TEST  =  NCH I  - J 

IF  (TEST)  23.2u.J25 

325  J=J+1 

1 F  ( TEXP (  I  . J  )  )  2 1  .2  1  «  2  U 
20  CONTINUE 
16  CONTINUE 

C  START  OF  SECOND  INTERPOLATION  SUPLOOP 

DO  36  J  = 1  . NCR  I 

I zero= 1 

C  ^ATA  POINT  WHERE  TEXP  IS  ZERO  IS  TO  PE  AVOIDED 

39  IF  ( TEXPt  1/ERO.J  )  )  38.38.37 

38  I ZERO= I ZERO+ I 
GO  TO  39 

37  1 ZERO= I ZERO+ I 

DO  4.  I  =  I  ZERO .NOW G 
DELTA1=C0NT  (N  ) -C I  NT  (  I-I  .J) 

IF  (TEXP(I.J))  41  ,4  1  .42 
4  2  DELTAE'r  CONT  (  <  )  ~C  1  NT  (  I  ,  J  ) 

TEST  =DELT  A  1  ♦l)L'LTA2 
IF  (  Tt  ST  )  2  0*.  .4^  ,40 

200  FRACTN=DCLTAI / (DELTAI -DELTA2 ) 

DELOiMG  =  FRACTN«-  (OFl  GA  (  I  )  -OMEGA  (  I-I  )  ) 

DElCH I =F  RACTN*  <  CH I  (  1  , J  ) -CHI  (  I -  I  ,  J  )  ) 

CHI  X  —  ChI  (  1-1  ,J  )  + DELCH I 
O  M  G  X  - 0  M  E  G  A (  I-I  )  +  DlLOMG 
48  IF  (SWITCH)  J2U.J27.32U 

327  PUNCH  61. CONT  (K) 

SrtlTCHel. 

C  PUNCHOUT  OF  CONTOUR  LOCATION 

328  PUNCH  62  »  OMGX  ,  O.H  I  X 
GO  TO  4u 


4  1  TEST  =  NOMG—  I 

IF  (TtST)  40.40.326 
2b  I  =  I  +  I 

IF  (  TtXP (  I  . J )  )  41.41.40 
40  CONTINUE 
36  CONTINUE 
SW I T  CH  =  0 • 

6  CONTINUE 

IF  TYPE  b  7 » L 
PUNCH  57, L 
GO  TO  300 
END 

-<  EOJ 


TABLE  16 


EXAMPLE  OF  INPUT  DATA,  POLE  FIGURE  CONTOUR  PROGRAM 


SAMPLE 
17.  2b. 

75.  80. 

-70.  1. 

32G  110  PLANE 

500.  20000. 

DATA 

FOR  TESTING  CONTOUR  PROGRAM 

90.0  180.1 

6.78 

0.00000 

0.00000 

1.00000 

2865.86 

85.0  0.0 

30.46 

.08715 

0,00000 

1.00000 

885.83 

85.0  7.5 

29.04 

.08642 

.01138 

.98869 

942.20 

85.0  15.0 

27.11 

.08420 

.02257 

.97766 

1028.27 

85.0  22.5 

27.93 

.08055 

.03338 

.96715 

990.25 

TABLE  17 

EXAMPLE  OF  OUTPUT,  POLE  FIGURE 

CONTOUR 

PROGRAM 

POLE  FIGURE  CONTOUR 

PROGRAM 

MAP  NO. 

1 

0002 

0003 

SAMPLE 

32G  110  PLANE  DATA 

FOR  TESTING  CONTOUR 

PROGRAM 

0004 

THE  FOLLOWING 

INPUT  DATA  CARDS  HAVE  BEEN  CORRECTED  AS 

INDICATED 

0005 

OMEGA  CHI 

TIME  COSINE  COSINE  RADIUS  INTENSITY 

FORMER 

CARD 

0006 

-PHI-  -PSI- 

SEC  DELTA  ALPHA 

CTS/MIN 

VALUE 

0007 

-70.0  .0 

6.47  .34202  .00000  1.00000 

2349.53 

2349.53 

0 

0008 

-70.0  7.5 

5.83  .33942  .04468  .95626 

2631.67 

2631.67 

0 

n009 

. . .etc . 

-70.0  180.1 

6.92  0.34201  0.00107  .99892 

2182.40 

2182.40 

0 

0032 

0033 

LOCATIONS  OF 

640.00  CTS/MIN  CONTOUR  LINE 

0034 

OMEGA  CHI 

0035 

85.0  44.9 

0035 

85.0  119.6 

0037 

. . .etc. 

0038 

LOCATION'S  OF 

1000.00  CTS/MIN  CONTOUR  LINE 

0059 

OMEGA  CHI 

0060 

85.0  12.5 

0061 

END  OF  MAP  NO.  1 


TAB LK  18 


SUBROUTINES  AND  FUNCTIONS  USED  IN  RADIAL  AND  BIAXIAL  SCAN  PROGRAMS 


SUBROUTINE  INTER 

900  FORMAT( 34H INDEPENDENT  VARIABLE  OUTSIDE  RANGE) 
DIMENSION  Y ( 7 .6) , ANS ( 6 ) ,X( 7) 

COMMON  Y,F,ANS,UYD,CAR,XNI ,OXY,FLO,CHL 

DO  5  1=1,7 

X(I)=I-I 

5  X(I)=X(I)/10.0 
IF(F)1,2,31 

1  TYPE  900 
STOP 

2  J  =  1 

3  DO  6  1=1,6 

6  ANS ( I )=Y( J  , I ) 

GO  TO  50 

31  IF(F-0.1)7,8,19 

8  J =2 

GO  TO  3 

7  K=1 

GO  TO  60 

19  DO  12  1=3,7 

11  I F( F-X( I ) )9 , 13 ,12 
13  J=I 

GO  TO  3 

9  K=I -2 

GO  TO  60 
60  N=K+3 

DO  “0  L=1 ,6 
YY=0.0 
DO  31  I =K , N 
PRO  =1.0 
DO  20  J=K,N 
IF( I =J )10, 20 ,10 

10  PRO  =PRO*(r  -X( J ) )/( X( I )=X( J) ) 

20  CONTINUE 
YY=YY+PRO*Y(I ,L) 

30  CONTI nuf: 

40  ANS( L)=YY 
50  !FYD=ANS(1) 

CAR=ANS( 2 ) 

XNI= ANS( 3) 

OXY= ANS( 4 ) 

FLO=ANS( 5) 

CHL=ANS( 6) 

RETURN 

FUNCTION  RADIAN(THETD) 

RETURN 

FUNCTION  DECML( A ,B ,C ,D) 

DECML=4 . *A+2 . *B+2 . *C+D 

PETURN 

END 


TABLE  19 


NAMES  OF  THE  VARIOUS  RELAYS  IN  THE  CONTROL  UNIT 


Relay 

Name 

RE1 

Count-Advance  Power  Relay 

RE2 

Start  Count  Relay 

RE  3 

Scaler  Stopper 

RE4 

Advance  Holding  Relay 

RE  5 

Restorer  Slave 

RE  6 

Motor  Selector  Slave 

RF7 

Release  Disconnect  Relay 

RE8 

Punch  Disconnect  Relay 

RE9 

Stepper  Verify  Relay 

RE  10 

Stepper  Starter 

RE11 

Stepper  Stopper 

RE12 

Relaxation  Oscillator 

RE13 

Card  Releaser 

RE14 

Dipit  Selector 

RE15 

Punch  Start  Relay 

RE  16 

Keyboard  Relay 

RE17 

End  of  Count  Re  lav 

RE18 

Electronic  Relay 

RE19 

Repister  Driver 

RE20 

Motor  Selector  Slave 

RE21 

Start  Motor  Relav 

RE22 

Stop  Motor  Relay 

RE23 

Hominp,  Relay 

RE  2  4 

Motor  Selector  Pelav 

RE2  5 

Timer  liold  Relav 

RE26 

Astable  Multivibrator  Relay 

RE27 

Relaxation  Oscillator  Slave 

SRI 

Punch  Steppinp  Relav 

SR2 

Advance  Steppinp,  Relay 

TABLE  20 

LAYOUT  OF  PUNCH  CONTROL  UNIT 

As  seen  from  above: 


RL1 

RE4 

RE11 

12AU7 

RE  2 

RE5 

RE  12 

RE14 

SRI 

RE3 

RE6-PEI0 

RE  13 

RE15 

Two  relays,  RE25  and  RE27,  are  mounted  out  of  sipht  against  the  side  of  the  chassis 


TABLE  21 


To  Berkeley  Scaler: 

A.  Ground 

B.  30V  Count 

C.  30V  End  of  Count 

D.  Reset 


To  IBM  026  Card  Funch: 

A.  "1"  punch  line 

B.  punch  line 

C.  "0"  punch  line 

D.  Ground 

E.  Card  release  line 

To  Advance  Control  Unit 

1. 

6.3  VAC 

4. 

7.  +500  VDC 

10. Digit  selector  test 

13. Ground 


JACKS  ON  PUNCH  CONTROL  UNIT 


To  Offner  Power  Supply: 

1.  +250  VDC 

2.  +6.3  VDC 

3.  +500  VDC 

4 .  Ground 

5. 

6.3  VAC 

6. 


F.  Restorer  coil 

G.  "+"  punch  line 

H.  Restorer  coil 

I.  RE16  coil 

J.  Keyboard  common  line 


2.  +250  VDC 
5.  250V  Count 
8.  250V  Advance 
input  11.250V  End  of  Advance 
14,250V  Punch  Complete 


3.  +30VDC 

6.  30V  Count 

9.  30V  Advance 

12,30V  Motor  Selector 

15.30V  Punch  Complete 

18. Dipit  Selector  Test  Output 


16.-105  VDC 


17 


TABLE  22 


JACKS  ON  ASTABLE  MULTIVIBRATOR 


Power  Top  (octal  socket): 


1,  +200  (unregulated) 

5. 

2.  +375 

6. 

6.3  VAC 

3. 

7. 

4.  Ground 

8.  60VAC  between  here  and  pin  1 

The  remaining  jacks  all  go  to  the 

Advance  Control  Unit 

Pour-pin  Jack: 

Four-pin  Jack : 

A.  -105  VDC 

1. 

Normally  open  pair 

Bi 

2. 

C.  Pulses  out 

3. 

Normally  closed  pair 

D.  Ground 

4. 

Twelve-pin  Jack: 

1.  Wiggler  #1 

7.  Wiggler  #3 

2.  Normally  Closed  § 1 

8.  Normally  Closed  ft 3 

3.  Normally  Open  ft 1 

9,  Normally  Open  § 3 

4.  Wiggler  §2 

10. 

5.  Normally  Closed  #2  11. 

6.  Normally  Open  #2 


12 
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Plan  Mew 


SLIT  SYSTEM  DESIGN 


Figure  3 


Caption  for  Figures  4a  and  4b 


TWO  VIEWS  OF  POLE  FIGURE  GONIOMETER 
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mntour  lines. 


unclassified 


Security  Classification 


x-r  iv  dill  ract  10:. 
p->le  rirurc  analysis 
r  lvT.er  orientation 
uitonar  i c  x-:  av 


HOLE  *T  I  HOLE 


INSTRUCTIONS 


ORIGINATING  ACTIVITY;  Enter  the  name  and  address 
:  ih*-  contractor,  subcontractor,  grantee.  Department  of  De- 
:  use  a  t  iv  if  y  or  other  organization  ''corporate  author.)  isauing 

t  hr  report. 

a  REPOR  1*  SECUF5TY  CLASSIFICATION:  Enter  the  over- 
li  '•crurity  classification  of  the  report.  Indicate  whether 
'‘Restricted  Data"  is  included.  Marking  is  to  be  in  accord¬ 
ance  wi»h  appropriate  security  regulations. 

2f*  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di- 
i active  5  200.  10  and  Armed  Forces  Industrial  Manual.  Enter 
•he  group  number.  Also,  when  applicable,  show  that  optional 
Workings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ize  i 

<  REPORT  TITLE.  Enter  the  complete  report  title  in  all 
i  Mpit.il  letters.  Titles  in  all  cases  should  be  unclassified. 

It  :*  aning.ful  title  cannot  be  selected  without  classifies- 
’i  n.  show  title  classification  in  all  capitals  in  parenthesis  | 
immediately  following  the  title. 

I  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of  | 
re  i  rt.  e.  g. ,  interim,  progress,  summary,  annual,  or  final. 

'mi  the  inclusive  dates  when  a  specific  reporting  period  is 

i  •  •  r*i  ed. 

T  AUTilORiS):  Enter  name(s)  of  authors)  as  shown  on 
>r  in  t h*  report.  Entei  last  name,  first  name,  middle  initial. 

II  iit.-uv.  show  rank  and  branch  of  service.  The  name  of 
n  <  :  >  ;m  i;»al  ..  'thor  is  an  ahsolute  minimum  requirement. 

h’  f’ORT  DATE.  Enter  the  date  of  the  report  aa  day, 

•  fii  il,.  year,  or  month,  year.  If  more  than  one  date  appears 
m  «},*•  report,  use  date  of  publication, 

,  I OTAL  NUMBER  OF  PAGES:  The  total  page  count 
Ifild  (  *  1 1  •  *  w  normal  pagination  procedures,  i.e.,  enter  the 
tv.  r  bei  -I  pages  containing  information. 

T  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
i^ferem  es  cited  in  the  report. 

i 

8  .  (  ON  TRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 

v'e  applu  able  number  of  the  contract  or  grant  under  which 
the  report  was  written, 

db,  .  &.  8r/.  PROJECT  NUMBER:  Enter  the  appropriate 
ilitnrv  department  identification,  auch  as  project  number, 
mibprnjct  t  number,  system  numbers,  task  number,  etc. 

'Vi  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi- 
t.il  report  number  hy  which  the  document  will  he  identified 
.,iid  ■  <*n*rnlled  by  the  originating  activity.  This  numher  must 
’■* ••  unique  in  this  report 

O  t  I1ER  REPORT  NUMBER(S):  If  the  report  has  been 
.*•  sviiwl  any  other  report  nunihers  (cither  by  the  orig/n/ifor 

•  r  hv  r/»e  s/mns-or).  also  enter  this  number(s). 

10.  A  VAIL  A  HI1,  IT  Y/L  IMITATION  NOTICES:  Enter  any  lim¬ 
it.  iii  r.s  mi  further  dissemination  o*' the  report,  other  than  those 


imposed  b\  security  classification,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC." 

(2^  "Foreign  announcement  and  diaseminat ion  of  this 
report  by  DDC  is  not  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 

this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


"U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC.  Other  qualified  users 
shall  request  through 


"All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  ahall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOTES:  Use  for  addition*!  explana¬ 
tory  notes. 

i  12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  fpav* 

/n£  for)  the  research  and  development.  Include  address. 

13  ABSTRACT-  Enter  an  abstract  giving  a  hnef  and  factual 
i  summary  of  the  document  indicative  of  the  report,  even  though 
it  may  als-»  appear  elsewhere  in  the  body  of  the  technical  re 
|  port.  If  additional  space  is  required,  a  continuation  sheet  shall 
j  he  attached. 

It  is  highly  desirahle  that  the  abstract  of  classified  reports 
I  he  unclassified  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in 
formation  in  the  paragraph,  represented  as  (TS)  S).  (C )  or 

There  ij  no  limitation  on  the  length  of  the  abstract  How 
ever,  the  suggested  length  is  from  1  SO  to  225  words 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  .«s 
index  entries  for  cataloging  the  report  Key  words  must  be 
selected  so  that  no  security  classification  is  required  Menu 
fiers.  such  as  equipment  model  designation,  trade  name  military 
projec  t  code  name,  geographic  location,  may  be  used  as  key 
words  hut  will  he  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  roles,  and  weights  is  optional 


DD  1473  (BACK) 


imr  1  ass  i  f  i  ed _ 

Security  Classification 


UNCLASSIFIED 


UNCLASSIFIED 


